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PREFACE 


The  chief  purpose  of  this  book  is  to  give  the  methods,  which 
many  years  of  experience  have  proved  to  be  both  simple  and 
effective,  for  tracing  and  remedying  direct  current  motor  and 
generator  troubles.  In  addition,  the  questions  of  the  selec- 
tion, operation,  care  and  repair  of  direct  current  machinery 
are  analyzed  from  the  standpoint  of  the  operator. 

The  theories  of  why  a  motor  or  generator  will  run,  as  well  as 
the  problems  and  fundamentals  underlying  the  design  of 
direct  current  machinery,  have  been  very  completely  given 
and  expounded  in  numerous  excellent  books  on  the  market. 
But  it  is  our  belief  that  there  is  a  vast  army  of  operators  in 
the  electrical  world  who  are  greatly  interested  in  why  the 
motor  or  generator  will  not  run,  and  it  is  to  supply  informa- 
tion on  this  topic  that  the  present  work  has  been  written. 
Throughout,  it  is  assumed  that  the  operator  is  confronted 
with  the  question  of  selection  of  the  best  machine  for  his 
purpose;  then  with  the  question  of  the  best  operation  of  that 
machine  and  in  case  of  troubles,  with  their  tracing  and  effec- 
tive remedying. 

In  all  cases,  an  effort  has  been  made  to  treat  the  subjects 
in  as  general  a  way  as  possible  so  as  to  include  all  methods  in 
good  practice.  Standard  machines  are  described  and  illus- 
trated so  as  to  in  no  way  limit  and  restrict  the  information 
to  the  operation  of  special  types.  We  are  greatly  indebted  to 
the  General  Electric  Company,  the  Westinghouse  Electric 
Manufacturing  Company,  and  the  AUis-Chalmers  Company 
for  their  kindness  in  furnishing  the  illustrations  for  this 
publication. 

The  Authors. 
Schenectady,  N.  Y., 
Apnl,  1920. 
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INTRODUCTION 


There  are  many  books  on  matters  electrical,  some  people 
believe,  more  than  necessary  or  desirable.  There  are  books 
on  the  theory  of  electrical  engineering,  on  the  theory  of  elec- 
trical apparatus,  of  electric  systems  and  methods  of  operation. 
They  are  necessary,  for  on  the  theory  of  electrical  engineering 
rests  our  giant  electrical  industry,  which  could  not  have  de- 
veloped without  it.  It  was  this  thorough  theoretical  founda- 
tion which  has  enabled  electrical  engineering,  though  the  last 
of  the  great  engineering  branches,  to  progress  with  the  won- 
derful rapidity  which  outstripped  all  others.  There  are  nu- 
merous books  on  apparatus  and  machinery  design.  While 
perhaps  not  one  out  of  ten  electrical  engineers  may  become  a 
designer,  they  are  necessary  and  useful.  There  are  numerous 
books  on  practical  electrical  engineering,  good,  bad  and  in- 
different. 

But  for  every  designer  or  theorist,  there  are  two  or  three 
electrical  engineers  who  have  to  do  with  electric  motors  or 
generators,  their  operation,  management  and  care,  and  there- 
fore Messrs.  Gandy  &  Schacht's  book  appears  to  me  as  ex- 
tremely useful,  filling  a  serious  gap  in  our  electrical  literature. 
I  may  call  it  a  biology,  pathology  and  therapy  of  the  electric 
machine. 

It  deals  with  the  electric  machine  in  all  its  conditions,  in 
health  and  when  in  trouble.  It  gives  the  characteristics,  de- 
scribes the  construction  and  the  nature  of  the  electric  motor 
and  generator,  shows  and  illustrates  the  numerous  troubles 
which  may  occur  in  motors  and  generators — almost  as  many 
as  there  are  diseases  of  mankind — teaches  how  to  diagnose 
the  trouble,  that  is,  to  find  out  what  is  the  matter,  how  to 
cure  it,  to  remedy  the  trouble,  and  how  to  keep  the  machine 
in  good  shape,  that  is,  in  first  class  operating  condition. 
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Attempts  to  write  such  a  book  have  been  made  before,  but 
it  can  be  done  successfully,  so  that  the  book  is  of  real  use  to 
the  engineer  who  has  to  do  with  electrical  machinery,  only 
by  an  engineer  who  has  lived  with  motors  and  generators  of 
all  kinds  for  many  years  in  a  large  manufacturing  company, 
and  so  has  been  able  to  become  fully  familiar  with  every 
phase  of  the  subject,  and  who  by  years  of  teaching  experience 
has  become  able  also  to  transmit  his  knowledge  and  experi- 
ence to  the  reader.  Now  this  has  been  the  case  with  the 
authors  of  the  following  work,  and  therefore  I  consider  it  as 
a  most  valuable  addition  to  the  electrical  literature,  which 
will  be  of  interest  and  value  to  every  engineer. 

Charles  P.  Steinmetz. 
March  25,  1920. 


TABLE  OF  CONTENTS 


Page 

Preface  v 

Introduction vii 

Chapter 

I.  Types  op  Motors  and  Their  Uses 1 

II.  Types  of  Generators  and  Their  Uses 20 

III.  The  Erection  and  Assembly  of  Direct  Current  Motors 
AND  Generators 36 

IV.  The  Starting  and  Operation  of  Direct  Current  Motors     58 

V.  The  Starting  and  Operation  op  Direct  Current  Gene- 
rators       77 

VI.  Direct  Current  Switchboards 95 

VII.  Troubles  and  Their  Remedies 105 

VIII.  Tests  and  Repairs 219 

IX.  Useful  Data      256 

Index 267 


DIRECT-CURRENT  MOTOR 

AND 

GENERATOR  TROUBLES 

CHAPTER  I 

TYPES  OF  MOTORS  AND  THEIR  USES 

General  Construction — Types  of  Motors — Standard 
Electrical  Connections  for  Motors — Uses  of  Dif- 
ferent Types  of  Motors — Information  to  be 
Supplied   to   the   Manufacturer   when   Ordering 

TYPES  OF  MOTORS  AND  THEIR  USES 

In  ordering  direct-current  motors  for  new  installations 
or  in  replacing  or  adding  to  old  units,  the  question  arises  of 
selecting  the  motor  best  suited  for  the  purposes  at  hand. 
Frequently  defects  in  operation  and  more  often  great  ineffi- 
ciency can  be  traced  to  the  poor  judgment  of  the  buyer 
when  selecting  the  motor. 

It  is  the  purpose  here  to  outline  the  general  construction 
and  characteristics  of  the  different  types  of  standard  motors 
upon  the  market.  The  details  of  construction  and  the  illus- 
trations of  the  motor  in  the  process  of  building,  serve  to 
acquaint  the  operator  with  views  of  each  individual  part  while 
in  assembly.  The  use  to  which  the  motor  is  to  be  put  and  the 
conditions  under  which  it  is  to  operate  should  be  carefully 
considered  before  a  selection  is  made. 
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DESCRIPTION  OF  DIRECT -CURRENT  MOTORS 
GENERAL  CONSTRUCTION 

Direct-current  motors  are  composed  of  three  distinct  parts — 
a  stationary  electrical  element,  commonly  called  the  field, 
a  revolving  element  called  the  armatm-e  and  the  assembly 
parts.  The  field  construction  comprises  the  magnet  frame, 
pole  pieces,  main  and  commutating,  and  the  field  windings. 


Fig.  1 . — Shunt  wound  motor. 
Six  pole,  commutating  pole  motor,  shunt  wound,  with  pulley  supported  between  two 
bearings  instead  of  being  overhung.  Note  no  sliding  rails  furnished  and  base  drilled 
for  foundation  bolts;  therefore  an  idler  pulley  for  belt  tightening  is  required.  Note  also 
all  armature  and  field  leads  brought  to  a  common  terminal  board;  and  brush  rigging 
supported  from  the  pillow  block. 

main  and  commutating.  The  armature  is  composed  of  a 
laminated  core  carrying  the  winding  and  the  commutator. 
The  assembly  parts  consist  of  the  brush  rigging,  the  pillow 
blocks  and  bearings  and  the  base. 

The  magnet  frame  consists  of  a  cast  steel  or  cast  iron  frame 
as  shown  in  Figure  2  made  in  one  piece  in  small  units  and  in 
larger  units  divided  into  halves  horizontally  and  bolted 
together.  Sometimes  the  entire  inside  circumference  is 
turned  out  to  receive  the  pole  pieces  and  in  other  cases  bosses 
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or  pads  are  cast  on  the  casting  and  turned  or  machined  to  fit 
the  poles.  The  frame  is  then  drilled  and  tapped  to  accom- 
modate the  bolts  holding  the  pole  pieces.  Feet  are  cast  on 
the  lower  half  of  the  frame  and  drilled  to  receive  the  holding 
down  bolts. 

The  main  pole  pieces  consist  of  a  series  of  mild  steel  punch- 
ings  or  laminations  pressed  together  in  a  press  and  held 
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Fig.  2. — Assembled  frame  and  brush  rigging. 

Showing  field  structure  of  six  pole,  commutating  pole,  slow  speed,  (260  R.P.M.) 
compound  wound,  250  volt,  135  horse  power  motor.  Note  brush  rigging  supported 
from  magnet  frame;  all  field  coils  mounted  on  removable  spools;  and  field  frame  split 
horizontally. 

together  by  rivets.  A  very  common  construction  is  to  have  a 
square  or  round  hole  near  the  magnet  frame  end  of  each  pole 
piece  in  which  a  steel  bar  is  inserted.  Then  instead  of  drilling 
and  tapping  directly  into  the  laminations  to  receive  the 
frame  bolts,  the  steel  bar  is  drilled,  tapped  and  fitted 
to  the  frame  bolts.  This  feature  produces  a  stronger  and 
more  reliable  job  since  there  is  danger  of  the  laminations 
spreading  or  of  weak  threading  in  case  the  laminations  them- 
selves are  drilled  and  tapped  to  receive  the  bolts. 
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The  commutating  pole  pieces  are  either  composed  of  a  series 
of  laminations  riveted  together  or  of  a  solid  core.     In  the 


I  iG.  3. — Large  compound  generator  showing  field  construction. 
Showing  a  section  of  the  field  structure  of  a  sixteen  pole,  commutating  pole,  low  volt- 
age (250  volts),  compound  motor  for  roller  mill  service.  Note  the  parallelintt  bus  ring 
and  cable  connections  for  feedinR  parallel  circuits  in  the  commutating  field  winding. 
Note  also  cast  commutating  field  coils  securely  anchored  to  the  pole  piece  by  bolts,  and 
the  bolted  type  of  brush  holder. 


case  of  the  laminated  structure,  they  are  secured  to  the  frame 
in  the  same  two  ways  as  described  for  the  main  pole  pieces, 
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iianiGly  by  drilling  and  tapping  into  the  laminations  directly* 
to  receive  the  frame  bolts  or  by  tapping  into  a  steel  bar 
inserted  in  the  pole  pieces. 

The  main  field  winding  consists  of  a  spool,  wound  with  the 
series  or  shunt  or  a  combination  of  the  two  windings,  as  shown 
in  Figure  3.  The  spool  itself  consists  of  a  sheet  iron  or  copper 
body  with  flanges  of  insulating  material  such  as  wood,  fibre 
or  asbestos  lumber.  This  spool  is  thoroughly  insulated  and 
is  then  wound  with  the  shunt  winding  consisting  of  the  nec- 
essary turns  of  small  insulated  wire.  Entirely  separated  and 
insulated  away  from  this  shunt  winding  is  the  series  winding 
which  is  made  up  of  relatively  few  turns  of  heavy  copper 
strips. 

In  some  types  of  machines  the  spool  body  is  omitted  and  the 
field  windings  are  made  upon  forms  after  which  the  coils 
are  thoroughly  insulated  and  mounted  directly  on  the  pole 
pieces.  Instead  of  winding  the  shunt  and  series  windings  one 
over  the  other  on  a  single  spool,  some  practice  favors  the 
separation  of  these  windings,  such  as  placing  them  side  by 
side,  for  the  purpose  of  better  ventilation  and  on  account  of 
greater  accessibility  for  repairs. 

The  commutating  field  is  wound  with  the  required  number 
of  turns  of  copper  strips  or  heavy  wire,  similar  to  the  series 
winding.  In  the  case  of  large  machines  the  commutating 
coils  are  generally  cast  or  formed  from  copper  bars  pressed 
into  shape.  The  windings  may  be  mounted  on  a  separate 
spool  or  directly  upon  the  insulated  pole  piece. 

The  armature  of  the  motor  is  illustrated  in  Figure  4.  It 
consists  of  a  cast  iron  or  cast  steel  spider  upon  which  the  mild 
steel  laminations  are  assembled  and  divided  into  sections  by 
small  spacer  blocks  provided  for  ventilation.  The  laminations 
are  pressed  together  and  held  in  place  by  the  flange  rings  and 
through  bolts.  In  some  machines  these  laminations  are 
assembled  directly  upon  a  key  on  the  shaft.  The  windings 
are  then  laid  in  the  slots,  held  in  place  by  means  of  small 
wooden  wedges  and  binding  wire  and  then  soldered  directly 
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into  the  slots  in  the  commutator  segments  or  to  the  risers 
fitted  in  tlie  segments. 

Ventilation  in  the  armature  is  accomplished  by  means  of  the 
small  block  spacers  as  mentioned  above  and  in  special  types, 
where  forced  ventilation  is  employed,  by  providing  horizontal 
ducts  in  the  armature  core  in  which  case  the  vertical  air 
ducts  are  omitted. 
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Fig.  4. — Rear  end  view  of  armature. 

The  commutator  is  made  in  the  form  of  a  rigid  self-con- 
tained structure.  A  number  of  forged  copper  bars,  slightly 
thinner  at  one  edge  than  at  the  other  are  built  up  in  the  form 
of  a  hollow  cylinder  with  mica  plates  between  the  bars.  A 
steel  hub  with  conical  lips  fitting  into  the  conical  seats  or 
grooves  turned  in  the  copper  bars  is  provided  and  the  ends  of 
the  hub  are  drawn  together  by  bolts.  The  commutator 
segments  are  completely  insulated  away  from  the  shaft  and 
hub  by  means  of  moulded  mica  washers.  The  complete 
commutator  is  forced  on  the  shaft  and  held  in  place  by  a  key. 
In  some  cases  it  is  mounted  on  an  extension  of  the  annature 
spider. 
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ASSEMBLY  PARTS 

The  brush  rigging  is  supported  from  the  magnet  frame.  The 
brush  holder  yoke  is  fitted  with  lugs  to  which  the  brush  holder 
brackets  are  bolted.  Brush  holders  are  bolted  or  clamped  to 
these  brackets  with  all  brushes  connected  to  a  common  bus 
bar  or  to  the  brush  holder  bracket  itself. 

In  other  types  of  machines,  the  brush  rigging  is  supported 
on  the  pillow  block  or  bearing  housing  and  in  larger  sizes 
directly  by  the  base  or  foundation.  The  brackets  and  holders 
are  supported  as  stated  above. 

The  brush  holder  brackets  are  insulated  from  the  brush 
holder  yokes  by  fibre  bushings  and  collars.  The  bus  rings 
for  connecting  brackets  of  like  polarity  are  supported  by  con- 
necting strips  or  "ears." 

The  bearings  are  supported  by  pedestals  bolted  directly 
to  the  base  or  foundation  or  by  end  shields  supported  by  the 
field  frame.  Where  pedestals  are  employed,  liners  or  shims 
of  sheet  iron  are  provided  for  adjustment.  Bearings  except 
in  special  cases  are  of  the  ring  oiled  type.  These  special 
cases  refer  to  motors  on  board  ship  or  mounted  on  movable 
machinery,  where  there  is  danger  of  spilling  of  oil  due  to  tilting 
or  rocking.  Such  bearings  are  usually  of  the  waste  packed  type 
although  ball  or  roller  bearings  packed  in  grease  are  sometimes 
employed. 

The  base  is  usually  made  as  a  rigid  structure  of  cast  iron. 
Sometimes  I-beams  or  channel  irons  are  used  as  supports. 
Bolt  holes  for  foundation  bolts  are  placed  in  the  base  where  the 
unit  is  to  be  used  for  direct  drive  or  geared  connection.  When 
belted,  chain  or  rope  driven,  the  bases  are  fitted  with  sliding 
rails  unless  an  external  tightening  device  is  fitted. 

TYPES  OF  MOTORS 

Shunt  Motors. — In  a  shunt  wound  motor  one  winding  only 
is  iurnished  on  the  main  field  spools  to  supply  the  entire  ex- 
citation. This  field  is  usually  connected  to  the  same  power 
supply  as  that  for  the  armature  but  the  fields  may  be  excited 
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from  a  separate  source  if  it  is  so  desired.  The  speed  regulation 
is  obtained  by  an  adjustable  resistance  in  the  shunt  field 
current  or  by  a  resistance  in  series  with  the  armature.  Shunt 
motors  have  practically  a  constant  speed  at  all  loads. 

Compound  Wound  Motors. — Motors  of  this  type  are 
equipped  with  a  shunt  winding,  as  mentioned  above  and 
have  in  addition  a  series  winding  wound  on  the  same  spool 
with  the  shunt.  The  series  winding  is  connected  in  series 
with  the  armature  circuit  and  the  field  excitation  is  varied  as 
the  load  on  the  motor  changes.  Compound  or  series  windings 
are  usually  connected  to  assist  the  shunt  windings  but  in 
some  special  work  the  series  winding  may  be  set  to  oppose  the 
shunt;  this  arrangement  being  known  as  a  differential  com- 
pound motor.  An  adjustable  resistance  across  the  series  wind- 
ing is  furnished  to  permit  a  change  in  the  strength  of  the 
series  excitation.  The  speed  of  compound  wound  motors 
drops  as  the  load  comes  on. 

Series  Motors. — A  series  motor  differs  from  the  shunt  and 
compound  types  just  described,  in  that  all  of  the  excitation 
is  supplied  by  a  winding  on  the  main  spools  connected  in 
series  with  the  armature.  The  speed  changes  with  the  load 
on  the  motor.  Under  maximum  load  the  speed  is  minimum 
since  the  field  is  strongest.  At  no  load  and  with  constant 
voltage  applied,  the  series  motor  will  race  or  run  away  and 
thus  a  provision  should  be  made  when  installing  a  series 
motor  to  guard  against  the  removal  of  the  load  while  voltage 
is  being  applied  to  the  machine. 

CONNECTIONS  FOR  MOTORS 

Standard  connections  for  motors  are  shown  below  but  no 
attempt  is  made  to  cover  the  many  special  or  "freak "  connec- 
tions which  are  possible  in  wiring  motors  for  service  of  a 
special  nature.  In  each  case  a  line  diagram  as  well  as  a 
complete  connection  drawing  is  shown  to  enable  the  reader 
to  see  at  a  glance  the  general  scheme  of  connections. 

The  diagrams  show  motors  fitted  with  commutating  poles 
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Srvitth 


Field 
W/!(vsfaf\ 


ForAc/jushxb/e  speea  Motors 
use  Field  /Rheostat. 

For  Constant  speed  Motors 
omit  Fieid  Fiheostoit  anel 
connect  "x  "direct  to  "c1 


Locdtion  of  Leads  for  Location  of  Leads 
Terminal  Plate  or  for  Terminal  dlock 
Conduit  Sox 

Motor  Connected  for  Clockwise  Rotation 
Fig.  6. — Connections  for  commutating  pole,  four-pole,  shunt  motors. 


Fielol 

Rheostat\ 


Switch 


For  Adjustable  speed  Motors 
use  Field  Rheostat. 

For  Constant  speed  Motors 
omit  Field  Rheostvitand 
connect  "x" direct  to  "c' 


Location  ofLeadf  for      Location  of  Leads 
Terminal  Plate  or  ■        for  Terminal  Block 
Conduit  Box 

Motor  Connected  for  Counter  Clockwise  Rotation 
Fig.  7. — Connections  for  commutating  pole,  four-pole,  shunt  motors. 
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FiQ.  8. — Sketch  showing  the  connections  for  a  shunt  wound  motor. 
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Motor  Connected  for  Clockwise  Rotaflon 
Fig.  9. — Connections  for  commutating  pole,  four-pole,  compound  motors. 
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Motor  Connected  for  Counter  Clockwise  Rotation 

Fig.  10. — Conneetions  for  commutating  pole,  four-pole,  compound  motors. 


+ 


F/eld 
Rheoifat's. 


Snitch 


Shunt 
Field 


Starting      Armature 
Resistance 


Commutatirjg 

Series 
Field 


Fio.   11. — Sketch  showing  the  connections  for  a  compound  wound  motor. 
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Mol-or  Connected  for  Clockwise  RolaHon 
Fig.  12. — Connections    for    commutating    pole,    four-pole,    series    motors. 


Syi/ih.h 


Motor  Connected  for  Counter  ClocVwise  Rotation 
Pig.  13. — Connections  for  commutating  pole,  four-pole,  aeries  motors. 
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but  the  same  connections  may  be  used  for  motors  without  the 
poles. 

The  connections  for  a  shunt  wound  motor  are  shown  in 
Figures  6  and  8.     For  reversed  rotation  refer  to  Figure  7. 

The  shunt  fields  are  connected  in  each  case  to  permit  full 
excitation  of  the  field  as  soon  as  the  switch  in  the  line  is  closed 


Commutafing  6i-arHng 

Fipi^  Resist-ance 

Armature  Series 

Field 


Fig.   14. — Sketch  showing  the  connections  for  a  series  motor. 

and  before  the  starting  resistance  has  been  cut  out  of  the  arma- 
ture line. 

Figures  9,  10  and  11  show  the  connections  for  a  compound 
motor  with  the  addition  of  the  series  fields.  In  Figures  12,  13 
and  14  are  shown  the  connections  for  series  wound  motors. 

USES  OF  DIFFERENT  TYPES  OF  MOTORS 

Shunt  Motors. — Shunt  wound  motors  are  used  where  ap- 
proximately constant  speed  is  required  from  zero  to  full  rated 
load,  and  in  service  of  such  a  nature  as  to  require  very  Ught 
starting  torque.  For  example,  shunt  motors  are  used  on  fans, 
centrifugal  pumps,  small  lathes  and  drills  and  compressors, 
where  the  load  does  not  build  up  until  the  motor  has  practi- 
cally reached  its  normal  speed.  Shunt  motors  should  never  be 
used  for  service  such  as  that  required  of  street  car  main  motors, 
piston  pumps  working  against  a  constant  pressure,  hoists 
and  elevators.  The  use  of  shunt  motors  for  driving  machine 
tools  is  shown  in  Figure  15. 

Two  shunt  motors  mounted  on  the  same  shaft  or  coupled 
together  mechanically  and  driving  a  common  load  will  not 
divide  the  load  equally  and  trouble  due  to  overload  of  one  or 
the  other  will  result  if  such  an  arrangement  is  employed. 
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Motors  built  to  be  exact  duplicates  have  a  slightly  different 
speed  regulation  and  saturation  curve  with  the  result  that  one 
unit  will  drive  the  other  as  a  generator  and  a  heavy  current 
will  circulate  between  the  two  machines  causing  overloading  of 
both.  Two  shunt  motors  may,  however,  be  operated  when 
coupled  mechanically  as  mentioned,  if  the  shunt  fields  are 
separately  excited  from  some  external  source  (not  from  the 
power  bus  supplying  power  to  the  armature). 

Shunt  motors  will  operate  in  parallel  without  trouble  when 
connected  to  the  same  source  of  power  and  driving  a  common 
load,  if  the  armatures  are  free  to  run  at  different  speeds  due 
to  the  absence  of  positive  mechanical  connection  through  the 
shaft  or  coupUng.  Shunt  wound  motors  will  not  race  or  run 
away  if  the  load  is  removed. 

Summing  up  the  above,  shunt  motors  are  used  only  when 
the  starting  duty  is  light  and  constant  speed  is  required.  Do 
not  attempt  to  operate  two  motors  on  the  same  shaft  if  they 
are  shunt  wound. 

Compound  Motors.  (A)  Cumulative.  Motors  of  this  class 
are  used  where  a  relatively  large  torque  is  required  at  starting 
and  where  the  conditions  do  not  require  a  constant  speed  with 
changes  in  load.  Anchor  hoists,  winches,  compressors,  ele- 
vators and  mills  for  rolling  metals  furnish  examples  of  service 
requiring  compound  motors. 

Compound  cumulative  motors  differ  from  shunt  wound 
types  in  speed  regulations  since  the  compound  motor  drops 
in  speed  very  appreciably  from  zero  to  full  load.  The  com- 
pound windings  may  be  so  adjusted  by  use  of  shunts  across 
the  terminals  of  these  windings  that  the  drop  in  speed  is  not 
objectional.  The  effect  of  the  compound  winding  may  also  be 
cut  out  by  automatic  devices  which  short  circuit  the  series 
winding  after  the  motor  comes  up  to  speed.  It  should  be 
noted,  however,  that  any  weakening  of  the  compound  or 
series  windings  by  shunts  or  short  circuits,  reduces  the  starting 
torque  and  the  motor  may  refuse  to  start  under  load  until  the 
field  strength  is  restored. 

Compound  nfofors  will  operate  in  multiple,  driving  a  common 
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load  even  if  mounted  on  a  common  shaft  or  coupled  together. 
This  is  a  great  advantage  over  the  shunt  wound  types.  Me- 
chanical load  may  be  thrown  off  without  danger  of  overspeed 
or  runaway  with  this  type  of  motor  as  noted  in  the  shunt 
types,  but  the  rise  in  speed  will  be  considerably  higher  than 
in  the  shunt  type. 


MOTORS  FOR  MACHINE  TOOLS  — 
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Fig.   15. — Motors  for  machine  tools. 


(5)  Differential  Compound  Motors.  Motors  of  this  type 
are  very  uncommon  as  the  shunt  motor  will  operate  with  very 
little  speed  change  and  have  a  starting  torque  greater  than 
that  of  the  differential  motor.  In  a  few  cases  such  as  paper 
mill  drive,  a  differential  compound  motor  may  be  used  to 
advantage  as  the  speed  may  be  held  constant  by  proper  ad- 
justment of  the  series  field. 
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Series  Motors. — Series  motors  are  used  where  the  service 
requires  very  heavy  starting  torque  and  where  practically 
constant  speeds  at  all  loads  are  not  required.  For  example, 
they  are  used  as  street  car  main  motors,  or  on  electric  locomo- 
tives, and  on  cranes  and  hoists  for  heavy  service. 

The  mechanical  load  must  be  so  attached  to  series  motors 
that  there  is  no  danger  of  the  loss  of  the  load.  A  removal  of 
the  mechanical  load  where  the  applied  voltage  is  constant,  re- 
sults in  the  racing  or  runaway  of  the  armature  and  wrecking 
due  to  overspeed.  Racing  is  caused  by  the  loss  of  the  field, 
since  the  field  strength  of  a  series  motor  is  dependent  on  the 
current  in  the  line. 

Series  motors  may  be  operated  in  series  or  multiple  without 
trouble.  They  have  a  fixed  speed  for  each  load  and  are  not 
suitable  for  service  where  constant  speed  is  required  with 
variable  loads. 

The  uses  of  series  and  compound  wound  motors  for  driving 
machine  tools  are  shown  in  Figure  15. 

INFORMATION  TO   BE    SUPPLIED   TO   THE   MANUFACTURER 
WHEN  ORDERING  MOTORS 

The  Purchasers  of  direct-current  motors  should  consider 
with  great  care  the  class  and  type  of  machine  required  and  in 
cases  of  doubt  consult  the  representatives  of  electrical  manu- 
facturing concerns,  who  keep  up  to  date  data  on  the  product 
of  their  companies.  A  motor  may  be  ordered  for  a  service 
for  which  it  is  not  designed  and  in  such  cases  satisfactory  opera- 
tion is  never  obtained.  For  example  a  motor  of  the  open 
type  of  construction  should  not  be  placed  where  it  would  be 
exposed  to  cement  dust,  oil  or  water  spray,  acid  fumes,  turn- 
ings or  chippings  from  lathes  or  chipping  devices,  smoke,  etc. 
The  Purchaser  should  take  advantage  of  the  experience  of  the 
manufacturer  in  placing  motors  for  various  kinds  of  service 
and  if  the  following  general  questions  are  answered  when  the 
request  for  motor  equipment  is  made,  a  better  and  more  satis- 
factory service  will  always  be  obtained : 
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1.  What  is  the  average  load  required? 

2.  What  overload  is  required  and  for  what  length  of  time  is  such 
an  overload  necessary? 

3.  What  is  the  voltage  of  the  circuit  furnishing  power  to  the 
motor?  If  the  voltage  is  not  constant,  the  maximum  and  minimum 
values  should  be  given. 

4.  Does  the  motor  start  under  load? 

5.  Is  the  load  steady  or  variable?  (Give  when  possible,  nature 
of  the  load  to  be  driven.) 

6.  Is  the  motor  located  any  considerable  distance  from  the  gen- 
erator or  supply  lines?     Give  distance  approximately. 

7.  Is  the  motor  belted,  geared  or  direct  connected  to  the  load? 

8.  What  is  the  diameter  and  face  of  the  pulley  to  be  driven  if 
already  installed? 

9.  What  is  the  speed  of  the  driven  shaft? 

10.  What  speed  variation  if  any  is  required? 

11.  What  is  the  distance  between  the  center  lines  of  the  motor 
and  the  driven  shafts  if  belted? 

12.  Is  the  belt  to  operate  in  a  horizontal  or  vertical  position? 
Give  approximate  operating  angle  of  the  belt. 

13.  Are  sliding  rails  required  or  a  belt  tightening  device? 

14.  If  the  motor  is  direct  connected  or  geared  to  the  load  is  a 
separate  base  required  with  the  machine  or  is  the  extension  of  the 
base  supporting  the  driven  parts  arranged  to  take  the  motor  frame 
and  bearings? 

15.  Is  a  coupling,  pinion  or  pulley  required  and  if  so  what  size? 

16.  Do  the  motor  bearings  support  any  weight  of  the  revolving 
parts  other  than  the  armature?  State  how  much  and  give  the 
location  of  the  load  with  respect  to  the  center  line  of  the  nearest 
bearing. 

17.  Is  a  fixed  length  of  shaft  extension  required?     Give  length. 

18.  What  direction  of  rotation  is  required  (facing  the  commutator 
end)? 

19.  Does  the  motor  reverse? 

20.  What  is  the  local  condition  under  which  the  motor  is  to 
operate?  State  if  damp  or  hot  or  both  and  if  acid  fumes,  smoke, 
grit  or  oil  vapors  are  present. 

21.  Does  the  motor  operate  where  it  is  exposed  to  flying  chijjs 
or  shavings  from  steel  or  iron  working  machines? 

22.  Is  the  motor  located  where  quiet  operation  Is  necessary? 
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23.  What  control  is  required?     State  whether  armature  or  field? 

24.  Is  the  space  limited  in  which  the  motor  is  to  be  installed? 
Give  the  approximate  maximum  length,  height  and  width. 

25.  What  temperature  guarantees  are  required,  if  any? 

26.  Must  the  motor  terminals  have  a  special  location?  State 
where. 

27.  Does  the  motor  operate  on  the  floor,  side  wall  or  ceiling? 
Is  a  vertical  type  required? 

28.  Does  the  motor  operate  as  a  generator  and  if  so  are  reversing 
switches  required? 

29.  Does  the  motor  require  separate  excitation? 

30.  Must  weight  of  motor  be  limited? 

31.  Does  the  motor  operate  on  board  ship  or  under  conditions 
in  which  it  is  Uable  to  be  suddenly  moved  or  tilted  out  of  its  ordinary 
operating  position? 

32.  Is  a  flexible  coupling  necessary? 


CHAPTER  II 

TYPES  OF  GENERATORS  AND  THEIR  USES 

Types  of  Generators — Standard  Electrical  Connec- 
tions FOR  Generators — Uses  of  Different  Types 
OF  Generators — Information  to  be  Supplied  to 
THE  Manufacturer  when  Ordering 

The  construction  of  the  direct-current  generator  is  exactly 
the  same  as  that  of  the  direct-current  motor  briefly  described 
in  the  preceding  chapter.  In  fact  the  generator  can  be  op- 
erated as  a  motor  or  vice  versa,  by  simply  changing  the  con- 
nections as  covered  later  in  this  work,  in  Chapter  IV  on  the 
"Starting  and  Operation  of  Motors." 

The  uses  for  which  the  various  types  of  generators  are  best 
suited  are  given  with  the  view  of  acquainting  the  operator  or 
purchaser  with  the  qualifications  which  each  type  of  machine 
possesses  to  fit  it  for  a  particular  duty.  Great  care  should  be 
exercised  in  the  selection  and  the  information  furnished  to  the 
manufacturers,  as  given  later,  when  ordering. 

TYPES  OF  GENERATORS 

Shunt  Generator. — In  a  shunt  generator,  the  field  winding 
is  connected  in  multiple  with  the  outside  connecting  circuit, 
so  that  when  the  outside  circuit  is  open,  the  field  magnet  coils 
receive  the  entire  current  supplied  by  the  armature  but  when 
it  is  closed,  the  current  through  the  field  circuit  depends  upon 
the  resistance  of  the  field  circuit  as  compared  with  that  of  the 
outside  connecting  circuit.  By  connecting  a  rheostat  or 
adjustable  resistance  in  series  with  the  field  winding,  a  greater 
or  less  amount  of  current  may  be  permitted  to  pass  through 
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the  field  coils  at  any  one  time  and  the  voltage  of  the  machine 
is  thereby  controlled. 


Fig.  If). — Field  construction  oi  coiuijuund  wound  generator  with  commutat- 
ing  poles  and  compensating  windings. 

Note  lifting  screws  in  magnet  frame  feet  for  air  gap  adjustments,  ventilated  series 
winding,  and  the  compensating  winding  supported  in  the  main  pole  faces,  connected  by 
copper  strips  bolted  in  place — the  copper  connection  strips  being  separated  from  each 
other  by  fibre  washers  and  insulated  through  bolts.  The  compensated  winding  is 
connected  in  series  with  the  commutating  field  winding  and  is  provided  to  prevent 
the  distortion  of  the  main  field  flux  and  to  insure  perfect  commutation. 

Series  Generator. — In  a  series  generator  all  the  current 
that  is  produced  by  the  armature  passes  through  the  field  wind- 
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ing  and  therefore  the  field  winding  must  be  in  series  with  the 
outside  circuit.  For  regulating  the  voltage  of  a  series  genera- 
tor, it  is  customary  to  connect  an  adjustable  resistance,  called 
a  rheostat,  across  the  entire  field  winding;  by  varjdng  the 
resistance  thus  introduced,  more  or  less  current  is  shunted 
from  the  field  coils  and  the  numb»er  of  lines  of  force  in  the  field 
thereby  changed. 

Compound    Generators. — In    compound    generators,    both 
series  and  shunt  field  windings  are  employed  to  produce  a 


Fig.   17. — Compound  wound,  direct  current  generator. 
Built  by  the  Westinghouse  Electric  Manufacturing  Co.     Note  the  edgewise  series 
field  coils  and  open  construction  for  ventilation. 


combination  of  their  characteristics.  The  characteristic 
curves  show  that  in  a  generator  with  a  series  field  winding  an 
increase  of  current  in  the  connecting  circuit,  such  as  would 
result  from  lowering  the  resistance  of  the  circuit,  causes  the 
machine  to  develop  a  higher  voltage;  whereas  in  a  generator 


TYPES  OF  GENERATORS  AND  THEIR  USES  23 

with  a  shunt  field  winding,  conditions  producing  an  increase 
of  ciu-rent  in  the  outside  connecting  circuit  tend  to  reduce  the 
voltage.  In  a  compound  wound  generator  there  are  both  a 
series  field  winding  and  a  shunt  field  winding  acting  simultane- 
ously, and  the  ampere  turns  in  the  one  are  so  proportioned  to 
those  in  the  other  that  the  load  or  current  conditions  in  the 
outside  connecting  circuit  which  would  cause  the  one  winding 
to  produce  a  low  voltage  wiU  at  the  same  time  cause  the  other 
winding  to  produce  a  high  voltage  and  vice  versa.  The  com- 
bined result  of  the  two  field  windings  is,  therefore,  to  supply  a 
practically  constant  voltage  at  all  loads. 

Three-wire  Generators. — A  3-wire  generator  is  intended 
to  supply  current  over  short  distances  to  a  low-voltage  3-wire 
system  of  distribution.  There  are  three  types  of  3-wire 
systems  employed,  the  Edison  system  employing  two  2- wire 
generators,  the  2-wire  generator  and  balancer  set  and  the 
3-wire  generator. 

In  the  Edison  3-wire  system,  two  generators  are  con- 
nected in  series  with  a  neutral  wire  tapped  in  between.  Con- 
necting either  between  the  positive  wire  of  one  machine  and 
the  neutral  or  the  negative  wire  of  the  other  machine  and  the 
neutral  will  give  just  one-half  the  voltage  which  can  be 
obtained  by  connecting  across  the  positive  and  negative  wires. 

A  3-wire  system  of  the  above  type  requires  the  con- 
tinuous operation  of  both  generators.  Another  arrangement 
is  sometimes  employed  whereby  a  single  large  generator  fur- 
nishes the  voltage  between  the  outside  wires;  a  small  motor 
generator  balancer  set  is  connected  across  the  outside  wires 
and  the  neutral  wire  is  led  from  a  point  between  the  two 
units  of  the  motor  generator  set.  The  machine  of  the  balancer 
set  on  the  side  having  the  lighter  load  operates  as  a  motor  and 
drives  the  other  as  a  generator.  This  (for  the  time  being) 
generator  supplies  current  for  the  excess  load  on  the  other 
side  and  thus  automatically  balances  the  system. 

The  3-wire  generator  still  further  reduces  the  initial  cost 
and  the  expense  of  operating  a  3-wire  system,  because  there  is 
only  one  machine  to  be  purchased  instead  of  two  or  three  and 
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there  is  less  maintenance  because  there  are  fewer  parts  to  be 
cared  for.  There  is  also  a  higher  efficiency  because  one 
machine  has  smaller  losses  than  any  greater  number  of  equal 
total  output,  and  less  floor  space  is  required. 

Three-wire  generators  are  so  arranged  that  a  third  or  neutral 
line  is  brought  out  midway  in  potential  between  the  positive 
and  negative  leads,  thus  providing  for  load  at  half  of  the 
generator  voltage.  This  mid-voltage  point  is  derived  by 
connecting  a  reactance  coil,  known  as  an  autotransformer, 
across  the  armature  winding,  the  neutral  Une  being  connected 
to  the  middle  point  of  the  autotransformer.  Connections 
between  the  autotransformer  and  the  revolving  armature  are 


Negat-i' 


Positive 


Fig.  17A. — Sketch  showing  connections  for  a  three-wire  generator 
loaded  on  positive  side. 


made  through  collector  rings  which  have  properly  spaced  taps 
to  the  armature  winding.  These  connections  are  shown  dia- 
grammatically  in  Fig.  17A.  This  diagram  shows  the  complete 
circuit  for  a  load  on  the  positive  side,  the  current  path  being 
from  the  load  through  both  legs  of  the  autotransformer  to  the 
collector  ruigs,  then  through  the  armature  winding  and  com- 
mutator back  to  the  load.  The  core  of  the  autotransformer 
is  magnetized  by  alternating  current  obtained  from  the  col- 
lector rings.  The  direct  current  in  the  neutral  wire  divides 
between  the  two  halves  of  the  autotransformer  winding 
equally  and  in  opposite  direction,  thus  producing  no  magnetic; 
effect.  The  illustration  referred  to  shows  onlj^  the  diagram- 
matic arrangement  of  the  windings  and  should  not  be  referred 
to  for  any  actual  mechanical    connection.     The   autotrans- 
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former  itself  consists  of  a  laminated  (;oro  with  suitably 
insulated  winding  immersed  in  a  cast  iron  tank  of  special 
insulating  oil. 

CONNECTIONS  FOR  GENERATORS 

The  diagrams  given  below  show  the  usual  standard  connec- 
tions for  generators  as  used  in  common  practice  and  no 
attempt  is  made  to  cover  special  conditions.  An  inspection 
of  the  line  diagrams  will  show  at  a  glance  the  general  scheme 


Generator  Connected  for  Clockwise  Rotcction 
Fig.   18. — Connections  for  commutating  pole,  four-pole,  shunt  generators. 

of  connection  while  an  examination  of  the  main  diagrams  will 
show  all  of  the  details  of  wiring.  The  generators  shown  are 
equipped  with  commutating  poles  but  the  same  diagrams 
apply  to  machines  without  such  windings. 

Figures  18,  19  and  20  show  the  connections  for  shunt- 
wound  generators.  Figures  21,  22  and  23  show  connections 
for  compound-wound  generators. 

Each  diagram  shows  a  single  unit.  An  article  on  the 
connections  as  employed  in  parallel  operation  will  be  found 
in  Chapter  V  covering  ''Starting  and  Operation." 
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Generofor  ConneQ^-ed  for  Cpunftr  Clockwise  Rotation 
Fig.  19. — Connections  for  commutating  pole,  four-pole,  shunt  generators. 


Fie/d  Shunf- 
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Switch 


Armature        Commutating 
Field 


Fig.  20. — Sketch  showing  the  connections  for  a  shunt  wound  generator. 
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Cjeneroitor  Connected  for  Clockwise  RofaKon 
Fig.  21. — Connections  for  commutating  pole,  four-pole,  compound  generators. 
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t^mheHiilM'*'''' 


wv 

External  shunt 


Generottor  Connected  for  Counter  Clockwise  Rotation 
Fig.  22. — Connections  for  commutating  pole,  four-pole,  compound  generators. 
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FiQ.  23. — Sketch  showing  the  coiiueotions  for  a  compound  wound  generator. 
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Fig.  24. — Connections  for  three-wire  generators,  compound  wound,  clockwise 

rotation. 


^     k^.    -Line 


Fig.  25. — Connections  for  three-wire  generators,  compound  wound,  counter 
clockwise  rotation. 
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Figures  24,  25  and  26  show  the  connections  for  3-wire 
generators.  Where  the  generators  are  compound  wound, 
the  series  fields  are  spHt  with  all  north  poles  on  one  side  of  the 
armature  and  all  south  poles  on  the  opposite  side.  Two 
equalizers  are  required  when  3-wire  generators  operate  in 
parallel. 


Field  Rheostat 


'Shunt  Fiefc/ 


Neutral 

Fig.  26. — Sketch  showing  the  connections  for  a  three-wire  generator  with  a 

compensator. 


USES  OF  DIFFERENT  TYPES  OF  GENERATORS 

Shunt  Generators  {Self-excited). — Shunt-wound  gen- 
erators, self -excited,  are  used  for  service  when  the  load  remains 
unchanged  for  long  periods  of  time.  Large  direct-ciu-rent 
stations,  electrolytic  plants,  furnaces,  electrochemical  equip- 
ments, and  exciter  plants  furnish  examples  of  the  appUcations 
of  generators  of  the  shunt  type.  It  should  be  noted,  however, 
that  the  voltage  as  well  as  the  current  load  must  be  approxi- 
mately constant.  Under  such  conditions  parallel  operation 
of  self-excited  shunt  generators  is  satisfactory  and  once  the 
load  is  properly  divided  by  use  of  the  field  rheostat  no  further 
attention  is  required  except  an  inspection  of  the  meters 
connected  to  a  machine  placed  in  service  with  cold  fields. 
Such  a  machine  will  drop  its  load  slightly  due  to  the  increased 
resistance  of  the  fields  as  a  result  of  heating.  When  the  tem- 
perature of  the  fields  has  reached  a  constant  value  no  further 
attention  is  required. 
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Shunt  Generators  {Separately  Excited). — Shunt-wound  gen- 
erators used  in  services  where  the  voltage  change  is  20  per  cent, 
or  more  of  the  normal  rated  voltage,  should  be  excited  from  a 
source  of  power  entirely  separate  from  the  circuit  to  which 
the  armature  is  connected.  Separate  excitation  is  needed  for 
example  in  charging  batteries  where  at  the  beginning  the  very 
low  voltage  and  the  heavy  amperage  in  the  armature  circuits 
would  produce  very  unstable  conditions  in  the  generator 
and  result  in  a  dropping  of  the  load  on  account  of  the  loss  of 
voltage.  The  same  conditions  would  be  met  when  the  gen- 
erator is  being  used  for  the  purpose  of  boosting  the  voltage  of 
a  system  by  running  the  armature  in  series  with  the  generator 
furnishing  power. 

For  example,  use  separately  excited  generators  for  services 
as  follows :  Battery  charging,  boosting.  Ward  Leonard  systems 
(i.e.)  (where  the  voltage  is  carried  through  zero  from  maximum 
to  minimum,  positive  and  negative,  for  reversing  purposes 
and  speed  control  of  motor  by  armature  or  voltage  control) 
and  parallel  operation  of  shunt-wound  generators  with  fluctu- 
ating loads. 

Compound-wound  Generators. — This  type  of  generator  is 
the  one  most  commonly  found  in  practically  all  lines  of  service, 
including  that  previously  mentioned  for  shunt-wound  units, 
provided  in  the  latter  case  that  hand  regulation  is  resorted  to 
for  control. 

Compound-wound  generators  are  used  where  a  constant 
voltage  supply  is  required  with  a  continuous  change  in  load. 
Generators  furnishing  power  for  pumps,  fans,  blowers,  dredges, 
ship  propulsion  (except  in  the  case  of  Ward  Leonard  Control), 
and  general  power  will  in  practically  all  cases  be  found  to  be 
compound  wound. 

Parallel  operation  of  compound  generators  is  automatic 
when  the  units  are  once  adjusted  and  very  little  attention  is 
necessary  to  keep  the  load  properly  divided  between  the  units 
in  operation. 

The  series  windings  may  be  cut  out  and  the  generators  will 
then  operate  as  shunt-wound  units  but  care  should  be  taken 
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to  prevent  undue  heating  of  the  shunt  fields  if  full  voltage  is 
generated  with  the  shunt  winding  without  the  assistance  of  the 
series  fields. 

Series  Generator. — Series  generators  are  used  only  in  cases 
where  boosting  of  the  voltage  is  required,  such  as  at  the  end  of 
a  long  railway  feeder  carrying  heavy  current  loads.  Care 
should  be  taken  to  equip  such  units  with  protective  devices 
against  overspeed  as  the  failure  of  the  power  driving  a  series 
generator  results  in  the  instantaneous  operation  of  the  gen- 
erator as  a  series  motor  with  practically  no  load.  Such  a  con- 
dition will  wreck  the  unit  from  overspeed  if  it  is  not  provided 
with  a  protective  device. 

Mechanically  operated  speed-limiting  switches  are  mounted 
directly  on  the  shaft  extension,  being  equipped  with  a  tripping 
lever  operated  by  centrifugal  force  arranged  to  open  the  main 
line  circuit  breaker  when  the  speed  of  the  machine  reaches  a 
value  approximately  15  per  cent,  over  the  normal  rated  speed. 

In  some  cases  an  electrical  speed-limiting  device  is  employed 
consisting  of  a  small  magneto  type  generator  driven  directly 
by  the  main  shaft  and  arranged  so  as  to  trip  the  main  circuit 
breaker  when  the  voltage  which  it  generates  reaches  a  fixed 
value. 

Three-wire  Generators. — Generators  of  the  3-wire  type 
are  used  when  the  nature  of  the  load  is  such  as  to  require  two 
different  voltages,  for  example  125  volts  for  lights  and  250 
volts  for  motors.  When  the  load  can  be  balanced  between  the 
two  sides  of  the  system  within  25  per  cent.,  the  compensator 
type  of  3-wire  generator  is  employed.  Except  in  special 
cases  where  the  unbalancing  is  more  than  25  per  cent.,  balancer 
sets  are  recommended  or  the  Edison  3-wire  system. 

Three-wire  generators  operate  satisfactorily  with  motor  and 
lighting  loads  and  also  for  elevator  and  hoist  service  using  the 
high  voltage  for  motor  drive.  On  electrolytic  work  3-wire 
machines  are  used  to  only  a  limited  extent  as  operators 
complain  of  shock  from  the  high  voltage  when  accidental  con- 
tact is  made.  The  regulation  between  the  two  sides  of  the 
system  is  approximately  2  to  3  per  cent,  of  the  outside  wire 
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voltage  and  while  the  variation  is  not  noticed  in  most  lines 
of  work,  where  very  close  regulation  is  required  and  it  is 
not  practical  to  throw  loads  from  one  side  of  the  system  to  the 
other  for  balancing,  the  3-wire  generator  cannot  be  used. 
In  Edison  3-wire  systems  the  voltage  remains  constant  and 
full  output  is  obtainable  from  either  side.  Balancer  sets 
are  designed  to  take  care  of  a  fixed  percentage  of  unbalancing. 


Fio,  27. 


-A  100   kilowatt,  250/125  volt,  260   r.p.m.,  three-wire  generator 
manufactured  by  the  Allis-Chalmers  Co. 


On  all  of  the  above  systems  there  is  a  two-thirds  saving  in 
copper  mains  effected  because  the  current  is  being  transmitted 
at  double  the  voltage  usually  employed  with  the  2-wire 
generator  for  the  same  service.  For  the  small  plant,  compen- 
sator 3-wire  generators  are  recommended,  particularly  where 
the  generators  are  engine  driven  or  slow  speed  as  the  compen- 
sator for  deriving  the  neutral  can  be  made  a  part  of  the 
generator.  In  larger  units  of  500  kilowatts  and  above, 
balancer  sets  are  recommended. 
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INFORMATION  TO   BE   SUPPLIED   TO   THE   MANUFACTURER 
WHEN  ORDERING  GENERATORS 

The  choice  of  a  generator  for  a  given  service  is  best  made 
after  making  a  careful  survey  of  the  actual  working  conditions. 
A  great  deal  of  trouble  and  expense  may  be  saved  in  case  the 
purchaser  is  not  familiar  with  general  practice  and  the  uses 
of  different  types  of  machines  by  consulting  a  competent 
representative  of  the  manufacturers  of  electrical  machinery. 

Each  type  of  generator  has  its  special  fields  of  use  and  it  is 
not  always  safe  to  place  a  generator  in  service  without  giving 
due  consideration  to  the  conditions  of  its  service.  The  fol- 
lowing questions  will  suggest  points  to  be  brought  out  when 
a  request  is  made  for  quotations,  in  ordering  a  generator  from 
the  manufacturer: 

1.  What  is  the  voltage  required?  Give  the  average  as  well  as 
the  maximum  and  minimum  values. 

2.  What  is  the  nature  of  the  load — general  power,  lights,  elevators, 
hoists,  battery  charging,  electrolj-tic  work,  railway  or  mining? 

3.  What  is  the  maximum  swing  or  peak? 

4.  What  kind  of  a  prime  mover  is  employed?  If  a  water  wheel  is 
used  what  runaway  speed  is  required? 

5.  What  temperature  guarantees  if  any  are  required? 

6.  What  are  the  no-load  and  full-load  voltages  of  machines  already 
installed  if  the  generator  is  to  operate  in  parallel? 

7.  Are  the  generators  already  installed  equalized  on  the  positive 
or  the  negative  side? 

8.  Is  the  generator  to  be  exposed  to  grit,  dust,  oil,  grease  or  acid 
fumes?     Is  the  generator  room  hot  or  damp  or  both? 

9.  Is  a  base  required  or  does  the  generator  frame  rest  on  an  ex- 
tension of  the  prime  mover  base? 

10.  Is  the  armature  mounted  on  an  extension  of  the  engine  shaft? 
Must  the  bearings  be  furnished  with  the  generator? 

11.  What  location  of  terminals  is  required?  Are  special  sized 
lugs  necessary?     Give  sizes. 

12.  Must  the  generator  clear  the  floor  or  is  the  construction  of  a 
pit  beneath  it  possible? 

13.  Is  the  generator  belted,  geared,  or  direct  connected  to  the 
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prime  mover?     Give  the  size  of  the  pulley  and  siKjed  if  the  gen- 
erator is  belted  and  a  driving  pulley  is  already  installed. 

14.  Are  sliding  rails  required  or  is  a  belt  tightening  device 
necessary? 

15.  Is  the  machine  to  be  of  the  3-wire  type? 

16.  Is  the  voltage  range  over  20  per  cent,  of  the  normal  and  if  so 
what  is  the  voltage  from  which  separate  excitation  may  be  obtained? 

17.  Is  the  generator  to  be  required  to  operate  as  a  motor?  If 
so,  are  reversing  switches  necessary  on  the  frame  of  the  machine  or 
on  the  switchboard? 

18.  Is  a  line  resistance  necessary?  Give  the  machine  number, 
ratings  and  name  of  manufacturer  of  generator  already  installed. 

19.  What  is  the  direction  of  rotation  facing  the  commutator  end? 

20.  Do  the  generator  bearings  take  any  load  other  than  the 
armature  weights?     State  how  much  if  any. 

21.  Is  a  coupling,  pulley,  pinion  or  special  shaft  extension  required? 
Give  details. 

22.  Are  overspeed  devices  necessary? 

23.  Must  the  generator  operate  without  noise? 

24.  Must  the  generator  meet  special  space  requirements?  Give 
limits. 

25.  Does  the  generator  operate  on  board  ship  or  under  conditions 
where  it  is  liable  to  be  suddenly  thrown  out  of  its  normal  operating 
position? 


CHAPTER  III 

ERECTION    AND    ASSEMBLY    OF    DIRECT-CURRENT 
MOTORS   AND   GENERATORS 

Storage — Unpacking — Location — Foundations —  Hand- 
ling—  Uses  of  Slings — Inspection — Assembly — 
Erection — Pressing    the  Armature   on   the   Shaft 

ERECTION    AND   ASSEMBLY   OF   DIRECT-CURRENT   MOTORS 
AND  GENERATORS 

The  proper  and  efficient  operation  of  motors  and  generators 
depends  in  a  large  measure  upon  their  erection  and  assembly. 
Good  results  cannot  be  obtained  where  the  machines  are 
carelessly  assembled  and  erected  in  unsuitable  locations  and 
upon  faulty  foundations.  Poorly  erected  sets  are  a  cause  of 
constant  trouble  and  manufacturers  have  found  that  in  a 
great  many  cases  where  the  proper  results  have  not  been 
obtained,  the  defects  were  directly  traceable  to  the  poor  judg- 
ment of  those  responsible  for  assembling  and  erecting  the 
machinery.  Local  conditions,  of  course,  often  demand  special 
instructions  in  regard  to  the  foundations,  but  in  general  the 
rules  and  methods  described  here,  are  those  in  use  in  the  best 
practice  and  recommended  by  the  manufacturers. 

STORAGE 

When  a  motor  or  generator  must  be  stored  before  being  put 
into  service  it  should  be  put  in  a  dry  place,  well  sheltered. 
The  original  crates  in  which  the  machine  and  its  parts  were 
shipped  should  not  be  opened  until  everything  is  in  readiness 
for  installing  the  unit. 

36 


ERECTION  AND  ASSEMBLY  37 

UNPACKING 

The  greatest  possible  care  is  necessary  in  unpacking  and 
handling  the  machines  in  order  to  avoid  damaging  the  wind- 
ings and  other  conducting  parts. 

Take  particular  care  in  removing  the  crates,  that  the  in- 
sulation of  the  field  or  armature  coils  is  not  damaged  by  the 
points  of  nails,  or  by  the  tools  being  used. 

Should  any  slight  defects  be  caused  or  noted  during  un- 
packing, such  as  damaged  insulation,  they  should  be  repaired 
before  the  generator  is  assembled,  as  described  in  the  chapter 
on  "Tests  and  Repairs"  on  Page  247. 

LOCATION 

The  following  conditions  must  be  met  in  arranging  the 
motor  or  generator  sets  in  order  to  insure  satisfactory  operation. 

Moisture. — The  machines  should  be  placed  in  a  dry  place 
and  must  be  protected  from  moisture  of  any  kind.  Steam 
must  not  be  allowed  to  escape  around  them  from  leaking 
glands,  pipes  and  fittings,  and  moisture  condensing  on  pipes 
or  on  the  ceiling,  or  leaking  from  them,  must  be  caught  by  a 
shield  and  prevented  from  falling  on  the  units.  Machines 
to  operate  under  moist  conditions  are  usually  designed  with  a 
special  view  to  meet  the  requirements  of  such  service.  In 
order  to  fit  an  ordinary  machine  not  so  designed,  for  operating 
where  there  is  a  great  deal  of  moisture,  the  armature  and 
fields  should  be  heated,  dipped  and  baked  as  described  on 
Page  248  in  Chapter  VIII. 

Ventilation. — The  arrangement  should  be  such  as  to  provide 
for  a  constant  supply  of  cool  air.  The  question  of  ventilation 
of  electrical  machinery  is  a  very  important  one  and  directly 
affects  the  capacity  of  the  machine.  Machines  running  in 
hot  places  will  show  a  decided  falHng  off  in  load  capacity  as 
compared  with  those  located  in  cooler  places. 

The  ventilation  however  should  be  as  effective  as  possible 
and  as  cool  a  running  temperature  secured  as  is  consistent  with 
the  proper  protection  from  dirt  and  moisture.     In  one  case 
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on  record,  very  cool  air  was  secured  for  ventilation  of  a  genera- 
tor from  an  open  window  nearby.  A  mica  plant  was  situated 
in  the  neighborhood  and  in  a  short  while,  a  great  deal  of 
sparking  was  developed  on  the  commutator  of  the  generator 
due  to  fine  mica  particles  getting  in  between  the  commutator 
segments  and  the  brushes.  A  case  of  brush  wear  recently 
resulted  from  a  large  volume  of  cement  dust  from  a  concrete 
mixer,  blowing  in  through  an  open  window.  Such  occurrences 
as  these  illustrate  the  necessity  of  using  care  in  securing  venti- 
lation so  that  cool  air  is  not  procured  at  the  expense  of  bad 
operating  conditions. 

The  length  of  life  of  the  machine  will  also  be  materially 
increased  if  the  proper  attention  is  paid  to  securing  good 
ventilation. 

Dust,  Dirt,  Acid  Fumes,  Etc. — The  machine  must  be  pro- 
tected from  dust,  dirt  or  lint  of  any  character.  When  it 
becomes  necessary  to  do  construction  work  of  any  nature  in 
the  immediate  vicinity,  care  should  be  exercised  to  see  that 
the  sets  run  under  as  clean  conditions  as  possible,  coverirg 
usually  with  a  piece  of  clean  canvas  or  oil  cloth.  Acid  fumes 
or  corrosive  gases  such  as  chlorine,  etc.,  must  be  excluded  from 
the  station. 

Accessibility  for  Repair  and  Inspection. — The  location  of  the 
set  and  the  surrounding  equipment  should  allow  easy  access 
to  the  commutator  and  brush  rigging  for  cleaning  and 
inspection. 

FOUNDATIONS 

The  foundation  must  be  so  firm  that  the  generator  or  motor 
will  operate  at  full  load  without  appreciable  vibration  and 
should  be  capable  of  sustaining  the  weight  of  the  machine 
without  undue  settling.  The  bases  furnished  with  modern 
machines  except  in  very  special  cases,  such  as  portable  sub- 
stations, are  not  designed  to  be  self-supporting  and  therefore 
the  foundation  should  be  made  so  as  to  support,  the  base  under 
all  points. 

Substantial  concrete  foundations  should  be  built  for  all 


ERECTION  AND  ASSEMBLY  39 

machines.  The  'area  of  the  base  should  be  ample,  and  the 
footings  carefuUylaid  and  bonded  into  the  body  of  the  masonry. 
The  kind  and  depth  of  the  footing  obtained  depend  largely 
upon  the  nature  of  the  ground  upon  which  it  rests,  and  can 
best  be  determined  by  the  engineer  in  charge  of  the  work. 

For  a  direct-connected  generator,  a  footing,  common  to  the 
engine  and  generator,  and  extending  under  all,  should  be 
built  to  interlock  all  foundations,  and  make  them  one  sub- 
stantial unit.  In  fixing  the  spread  of  the  footing  for  the  foun- 
dation, one  and  one-half  times  the  width  of  the  foundation 
base  should  be  allowed  if  on  hard  gravel,  and  twice  that  width 
if  on  sand  or  stiff  clay;  if  on  soft  clay,  a  layer  of  concrete  should 
be  spread  beneath  the  footings. 

Footings  are  usually  built  as  follows : 

First. — Rough  stones  laid  in  cement. 

The  stones  should  be  laid  flat  as  far  as  possible,  and  continu- 
ous joints  avoided. 

The  largest  stone  should  be  laid  at  the  bottom,  the  footing 
being  laid  up  in  courses. 

AU  stone  should  be  thoroughly  wet  before  bedding,  and 
all  interstices  should  be  well  filled  with  cement. 

Second. — Hard  brick  laid  in  cement. 

The  courses  should  be  laid  as  in  the  case  of  stone,  using  only 
hard-burned  and  weU-shaped  brick,  thoroughly  wet  before 
laying. 

Joints  should  be  made  not  less  than  one-quarter  inch  thick, 
filled  with  cement,  each  course  being  flushed  with  thin  cement. 

Third. — Concrete  made  of  one  part  Portland  cement,  4 
parts  broken  stone  or  brick,  and  2  parts  of  sand,  all  by 
measure. 

This  concrete  should  be  built  up  in  layers  of  not  less  than 
six  inches  nor  more  than  twelve  inches  in  thickness  and  should 
be  rammed  until  the  moisture  or  water  appears  on  the  top. 

The  pieces  of  broken  stone  should  not  be  more  than  two 
inches  along  any  one  dimension  and  a  portion  of  them  should 
be  not  over  half  that  size. 

The  depth  to  which  the  foundation  should  be  carried  de- 
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pends  upon  the  nature  of  the  ground,  but  the  footing  should 
not  be  less  than  eighteen  inches  thick. 

If  it  is  necessary  to  build  a  foundation  in  freezing  weather, 
special  precautions  should  be  taken.  Salt  may  be  added  to 
the  water,  or  the  water  and  sand  may  be  warmed  just  before 
it  is  used.  Should  the  ground  upon  which  the  footing  is  to 
be  built  be  frozen,  it  should  be  thawed  out  before  work  on  the 
footing  is  commenced.  These  foundations  should  be  allowed 
to  set  for  at  least  two  or  three  weeks  before  the  machine  is 
placed  upon  them. 

The  foundation  proper  rests  on  this  footing  and  is  thoroughly 
bonded  to  it.  It  may  be  built  as  is  the  footing,  of  stone,  brick 
or  concrete  and  the  same  method  of  laying  the  courses  should 
be  pursued  as  has  been  described  for  the  footing.  The  sides 
of  the  foundation  are  usually  given  a  batter  of  one  and  one- 
half  inches  to  the  foot. 

The  top  of  the  foundation  should  be  leveled  off  carefully 
and  finished  to  receive  the  capping  as  here  described. 

Foundation  bolts  should  be  located  accurately,  as  shown  on 
the  foundation  plans,  and  a  space  of  at  least  an  inch  should 
be  left  all  around  them  to  allow  for  adjustment  after  the  frame, 
rails  or  timbers  are  in  place ;  the  holes  should  then  be  filled  with 
thin  cement  or  grout.  No  holding  down  bolts  are  necessary 
for  motor  generator  sets  which  have  bases  and  no  bolts  are 
provided  in  the  bases. 

Motors  and  generators  may  be  supported  by  parallel  walls 
or  I-beams  under  the  sides  of  the  base  if  rectangular  founda- 
tions are  not  desirable.  In  this  case  reinforced  concrete  or 
I-beams  of  sufficient  stiffness  should  be  run  from  wall  to  wall 
as  a  girder  under  the  center  fine  of  each  bearing  to  take  the 
load  of  the  rotor.  Such  support  is  necessary  as  cast  iron  bases 
are  not  rigid  enough  to  support  their  load  without  yielding 
too  much  and  thus  causing  misaUgnment  of  the  parts  of  the 
machine. 

HANDLING 

When  erecting  apparatus  and  especially  in  the  case  of  large 
units,  methods  of  handhng  and  transportation  are  of  prime 
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importance.  Each  piece  of  apparatus  must  of  course  be 
handled  with  reference  to  its  special  construction.  The  follow- 
ing observations,  however,  apply  to  the  handling  of  apparatus 
in  general 

The  Rotor. — The  rotor  must  never  be  lifted  or  supported 
by  the  collector  rings  or  commutator,  or  by  any  part  of  the 
end  windings  or  binding  bands,  nor  should  the  rotors  of  three 
or  four  bearing  sets,  whose  separate  units  are  formed  by  coup- 
lings, be  lifted  by  placing  slings  under  the  shaft  extensions  at 
the  ends  only.  A  sUng  should  be  used  near  the  coupUng  also, 
thus  preventing  injurious  deflection  and  undue  strains. 

The  only  safe  method  of  supporting  the  rotor  while  either 
moving  or  stationary  is  by  slings  or  blocking  under  the  shaft. 
In  lifting  large  diameter  direct-current  armatures  by  means  of 
short  sUngs  which  may  bear  against  the  end  windings  or  the 
commutator,  the  slings  should  be  forced  apart  by  a  spreader 
resting  on  top  of  the  armature  so  that  the  sUngs  approach  the 
shaft  vertically,  thus  bringing  no  pressure  on  the  end  windings. 
The  commutator  clamping  ring  may  in  some  cases  be  protected 
against  pressure  from  the  shngs  by  means  of  a  block  of  suffi- 
cient thickness  placed  inside  the  ring  against  the  bolt  heads. 

The  Magnet  Frame. — Where  there  are  eye  bolts  or  lugs  on 
the  upper  half  of  the  magnet  frame  they  are  provided  for 
lifting  the  complete  magnet  frame,  with  poles  and  spools 
assembled.  Both  halves  of  the  frame  bolted  together,  may  be 
laid  down  horizontally  by  means  of  these  eye  bolts  or  lugs, 
but  they  must  not  be  used  for  Ufting  the  complete  machine, 
or  the  frame  and  armature,  without  additional  support  under 
the  shaft  extensions  or  bearing  housings. 

The  weight  of  the  armature  and  magnet  frame  should  not 
be  allowed  to  rest  on  the  base  without  substantial  support 
directly  under  the  points  where  the  weight  comes. 

THE  USE  OF  SLINGS 

It  is  important  to  have  a  good  knowledge  of  the  correct  use 
of  sUngs  in  order  to  secure  good  results  in  the  handling  of 
heavy  parts. 
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Bases  with  pillow  blocks  attached  are  usually  lifted  by 
hitching  about  the  pillow  blocks  as  shown  in  Figure  32, 

A  long  base  or  one  of  light  section  should  not  be  lifted  by 
means  of  the  pillow  blocks  until  a  strut  of  timber  has  been 
secured  between  the  tops  of  the  pillow  blocks,  to  prevent  them 
from  collapsing  when  lifted.     See  Figure  32. 


Fig.  28. — Lifting  three  unit  set  (right  way). 

As  long  a  sling  as  possible  should  be  used  to  prevent  undue 
stress  in  the  sUngs  themselves,  since  the  stress  increases  rapidly 
with  an  increase  of  the  angle  between  the  slings.  The  proper 
application  of  a  sling  is  shown  in  Figure  28. 

Wherever  eye  bolts  are  provided  in  frames  or  machine  parts 
for  lifting,  the  direction  of  the  pull  of  the  sling  on  the  eye  bolt 
must  always  be  along  the  center  line  of  the  eye  bolt,  otherwise 


ERECTION  AND  ASSEMBLY 


43 


Fig.  29. — Lifting  three  unit  set  (wrong  way) . 
In  this  case  there  are  a  number  of  sharp  corners  unprotected  while  the  inanila  rope 
sling  passes  through  the  loop  of  the  wire  cable,  and  the  arrangement  of  the  outside  slings 
does  not  permit  of  an  even  distribution  of  the  load. 
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a  bending  stress  is  produced  which  may  fracture  or  bend  the 
eye  bolt,  even  under  a  load  that  it  should  easily  carry  if  applied 
properly.  Where  the  proper  pull  on  the  bolt  cannot  be  ob- 
tained, a  spreader  must  be  inserted  between  the  slings.  The 
spreader  must  be  secured  so  that  it  cannot  sHp  out  of  position. 


Fig.  30. — Hitch  with  one  cable 
equalizing  strain  on  four  parts. 


Fig.  31. — Hitch  with  unequal 
strain  on  two  cables. 


When  lifting  the  top  half  of  a  direct-current  machine,  the 
sling  is  usually  passed  around  the  top  frame  between  two 
spools.  Care  is  necessary  to  prevent  slings  from  pressing 
against  the  spool  windings  or  veneer  flanges  and  damaging 
them.  A  thick  soft  pad  of  canvas,  leather,  or  similar  material 
can  be  often  used  to  advantage  when  making  such  lifts.  It 
must  be  understood  however  that  this  is  not  a  certain  preventa- 
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Fig.  32. — Method  of  lifting  base  and  standards. 
Frequently  a  base  and  standard  are  lifted  and  no  provision  is  made  for  any  lateral 
strains  that  may  occur,  tending  to  place  an  unnecessary  strain  on  the  bolts  fastening 
the  standards  to  the  base.     When  such  a  lift  is  to  be  made,  a  piece  of  timber  should  be 
placed  between  the  bearings  to  relieve  the  strain,  as  shown. 
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tive  against  damage.  Unless  great  care  is  taken,  spools  may 
be  damaged  by  the  slings  rubbing  against  them  when  turning 
the  frame  from  a  horizontal  to  a  vertical  position. 


Fig.  33. — Single  cable  sling  for  lifting  base. 
INSPECTION 

Before  starting  the  assembly  of  a  new  machine  a  careful 
inspection  should  be  made  to  see  that  none  of  the  parts  have 
been  damaged  since  leaving  the  factory.  Frequently  slight 
defects,  such  as  damaged  insulation,  can  easily  be  repaired 
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before  the  machine  is  assembled,  Dm*ing  erection  every 
precaution  must  be  taken  to  guard  against  damagmg  the  in- 
sulation or  small  projecting  leads,  because  the  construction 
of  these  parts  is  such  that  they  will  not  stand  the  strain 
incident  to  lifting. 


Fig.  34. — Double  cable  sling  for  lifting  base. 

General  Rules. — In  assembling  generators  and  motors,  the 
following  general  rules  apply. 

1.  Clean  carefully  all  joint  surfaces  and  (except  electrical 
connection  joint)  coat  them  with  a  thin  layer  of  oil  before 
fitting  them  together, 

2.  Draw  the  bolts  up  tight  and  be  sure  that  the  surfaces 
come  together.  This  is  especially  important  in  the  case  of 
the  pole  pieces  and  halves  of  the  magnet  frame. 

3.  See  that  the  bearings  are  perfectly  clean  before  assem- 
bling and  that  no  grit  or  dust  gets  into  them  when  the  armature 
is  being  put  into  place. 
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Fig.  35. — Single  cable  sling 
lifting  load  (wrong  way). 


Fig.  36. — Double  cable  sling 
lifting  load  (right  way). 

Showing  the  use  of  protective  pads 
to  prevent  damage  to  the  laminations 
of  the  pole  piece. 
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4.  Be  careful  that  the  field  spools  or  armature  windings 
do  not  strike  on  sharp  corners,  which  would  damage  the 
insulation. 

5.  Observe  carefully  the  markings  of  all  parts  and  in  as- 
sembUng  see  that  they  correspond. 

METHODS  OF  SHIPPING 

In  general  practice  direct-current  motors  and  generators 
are  shipped  by  the  manufacturers  in  three  forms.  In  rela- 
tively small  units  the  machines  are  shipped  completely  as- 
sembled. The  larger  units  may  be  shipped  with  the  armature 
and  frame  separate  or  in  some  cases  with  the  armature  and 
frame  separate  and  the  frame  divided  horizontally  into 
halves.  These  methods  of  shipping  the  machines  must,  of 
course,  be  changed  to  suit  the  requirements  of  special  condi- 
tions. In  some  cases  with  the  larger  units,  practically  the 
entire  machine  must  be  disassembled  for  the  shipping.  In  our 
discussion  we  will  eliminate  the  problem  of  erection  in  the 
case  of  the  small  units  for  here  since  they  are  completely 
assembled  when  shipped  the  only  requirements  to  be  met  will 
be  those  in  regard  to  their  location  and  foundations. 

ERECTION 

The  foundation  should  be  thoroughly  cleaned  before  the 
machine  is  set  upon  it.  Bases  of  all  sets,  whether  shipped 
assembled  or  disassembled  should  be  carefully  leveled  before 
being  grouted  in. 

In  large  machines  shipped  disassembled  the  base  should  be 
grouted  in  and  given  sufficient  time  to  "set  hard"  before  the 
stators  and  pillow  blocks  are  put  in  place.  In  these  large 
units  this  work  should  be  done  under  the  supervision  of  one 
who  is  expert  in  lining  up  machinery.  The  pillow  blocks 
should  be  bolted  down  and  doweled  to  the  plates  and  the 
magnet  frame  should  be  bolted  down  but  not  doweled  until 
the  air  gap  has  been  adjusted  and  good  end  play  obtained 
with  the  machine  running  under  load.    The  air  gap  is  adjusted 
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by  moving  the  frame  horizontally  on  the  sole  plates  until  the 
gap  is  equalized  at  each  side  of  the  armature  and  then  by 
inserting  or  removing  shims  under  the  feet  until  the  gap  at 
the  top  and  bottom  is  similarly  equalized.  The  raising  screws, 
if  provided  in  the  feet,  faciHtate  this  vertical  adjustment. 
End  play  is  adjusted  by  moving  the  magnet  frame  horizontally 
along  the  Hne  of  the  shaft. 

For  machines  equipped  with  separate  cast  iron  bases,  the 
bases  should  be  located  in  the  proper  position  and  temporarily 
supported  on  iron  wedges  driven  under  the  pillow  block  and 
magnet  frame  points  of  support.  Care  should  be  taken  that 
the  wedges  are  evenly  and  closely  spaced  and  driven  to  divide 
the  weight  properly  to  reduce  strains  in  the  cast  iron  base, 
and  that  the  inside  flange  of  the  base  is  wedged  up  under  the 
pillow  blocks  to  prevent  their  leaning  in  or  out  and  reducing 
the  end  play.  The  base  should  be  carefully  leveled,  using 
an  accurate  straight  edge  and  good  level  on  the  machined 
surfaces. 

The  base  should  be  grouted  by  building  a  low  dam  around 
the  inside  and  outside  and  floating  in  a  mixture  of  one  part 
Portland  cement  to  one  part  of  clean  sharp  sand  to  a  height  of 
one-quarter  inch  above  the  lower  face  of  the  base.  The 
wedges  should  not  be  removed  until  the  grouting  has  set. 
Deep  grouting  should  not  be  put  in  owing  to  the  difficulty  of 
subsequently  removing  the  base  if  at   any  time  desirable. 

The  machined  surface  of  the  base,  the  pillow  blocks,  and  the 
end  of  the  magnet  frame  feet  should  be  cleaned  before  assem- 
bling. The  heights  of  the  pillow  blocks  and  magnet  frame  are 
adjusted  at  the  factory  by  means  of  sheet  iron  shims,  one  or 
more  pillow  blocks  being  provided  with  a  fibre  shim  and 
insulated  bolts  and  dowel  pins.  When  not  assembled, 
the  shims  are  tied  in  bundles  and  marked  so  that  their  proper 
locations  on  the  base  can  be  identified.  With  the  shims  in 
place,  the  lower  half  of  the  magnet  frame  and  the  pillow  blocks 
can  be  bolted  in  place  as  located  by  the  dowel  pins.  It  is 
well  to  measure  the  distance  between  pillow  blocks  after  the 
base  and  lower  half  of  frame  are  in  place  (in  the  case  of  split 
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frame  machines)  l)cfore  the  rotating  parts  ai*e  placed  in  the 
bearings.  If  the  distance  between  the  bearings  is  shorter 
than  that  given  by  the  drawings  or  dimension  sheets  the  base 
has  been  distorted  and  its  center  is  lower  than  its  end.  To 
remedy  this,  shim  up  under  the  foot  of  the  pillow  block  until 
proper  ahgnment  results  and  the  correct  bearing  spacing  is 
obtained. 

The  oil  wells  should  then  be  cleaned  carefully  and  filled 
to  the  proper  level  with  good  quality  mineral  oil.  The  lower 
halves  of  the  bearing  lining  should  be  cleaned,  placed  in  posi- 
tion and  coated  with  oil.  The  rotor  should  then  be  lowered 
into  the  bearings  after  cleaning  the  shaft  where  it  runs  in  the 
bearings,  removing  any  roughness  and  oiling  it.  The  oil  rings 
should  be  put  in  and  the  top  halves  of  the  linings  placed  in 
position.  The  oil  rings  should  be  tried  to  see  if  they  revolve 
freely  and  the  bearing  caps  put  on  and  bolted  down.  In 
cases  where  the  magnet  frame  is  in  two  halves,  the  top  half 
of  the  frame  can  then  be  put  in  place  and  the  brush  rigging 
assembled. 

In  sets  having  three  or  more  bearings,  the  alignment  should 
be  checked  again  after  the  set  has  been  completely  erected. 
This  is  best  done  by  backing  off  the  coupling  bolts  slightly  and 
turning  the  machine  over  by  hand  or  with  a  crane.  The  coup- 
ling halves  will  separate  if  the  two  shafts  are  out  of  Une,  the 
space  between  the  halves  indicating  the  direction  in  which  the 
alignment  must  be  adjusted.  In  this  connection  it  must  be 
remembered  that  the  shoulder  between  the  halves  of  the  coup- 
ling carries  the  weight,  the  bolts  do  the  driving  and  must  not 
be  used  to  draw  the  two  halves  of  the  coupling  together  unless 
the  faces  are  perfectly  parallel.  Great  care  must  be  used  in 
this  checking  as  large  shafts  may  be  broken  from  crystalli- 
zation after  a  few  weeks  operation  when  out  of  alignment, 
although  there  are  no  indications  of  undue  vibration  or  heating 
of  the  bearings. 

In  erecting  machines  care  should  be  taken  to  see  that  both 
coupling  faces  are  true  and  at  right  angles  with  the  center  line 
of  their  respective  shafts  before  aUgning  the  machine.     It  is 
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also  advisable  to  check  the  outside  of  both  halves  of  the  coup- 
ling to  see  that  they  are  concentric  with  the  center  of  the  shaft. 
Couphngs  are  frequently  distorted  in  installation  so  that  they 
are  not  concentric  with  the  shaft  and  the  face  is  not  at  right 
angles  with  the  center  Une  of  the  shaft. 

After  erecting  a  new  machine  it  is  advisable  to  oil  sUghtly 
all  finished  iron  and  steel  surfaces  to  prevent  rusting. 

BRUSHES  AND  BRUSH  RIGGING 
ASSEMBLY 

To  insure  the  correct  assembly  of  the  magnet  frame  and 
brush-holder  yoke,  the  drawings  of  the  generator  supplied  by 
the  manufacturer  should  be  referred  to.  These  drawings  or 
diagrams  locate  the  position  of  the  fi6ld  openings  or  leads  with 
respect  to  the  commutator  end  of  the  machine.  The  outline 
drawing  shows  the  relation  of  the  lugs  on  the  brush-holder 
yoke  for  bolting  on  the  brush-holder  bracket  with  respect  to 
the  field  coils,  thus  indicating  the  correct  assembly  of  the  yoke 
in  its  supporting  brackets. 

SPACING  THE  BRUSHES 

To  obtain  first  class  commutation,  the  studs  supporting  the 
direct-current  brushes  must  be  more  carefully  set  than  if  merely 
bolted  in  the  yokes  and  allowed  to  come  where  they  will. 
Spacing  by  counting  of  segments  is  not  sufficiently  accurate  in 
all  cases,  as  mica  thickness  varies  sufficiently  to  give  slightly 
different  spacing  to  different  sections  of  the  commutator.  To 
obtain  proper  spacing,  the  studs  should  be  set  up  with  the 
brush  holders  in  place,  and  the  commutator  should  be  wrapped 
tightly  with  a  long  strip  of  paper  covering  its  whole  circumfer- 
ence and  tied  in  place.  The  lapping  point  of  this  paper  should 
then  be  marked,  the  paper  should  be  removed,  spread  on  a  flat 
surface  and  stepped  off  with  a  large  pair  of  dividers  or  similar 
tool  into  exactly  equal  sections,  equal  in  number  to  the  number 
of  poles.  The  strip  should  then  be  replaced  on  the  conamutator 
and  the  studs  so  adjusted  that  the  toes  of  the  brushes  on  the 
different  studs  just  touch  these  marks. 
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BRUSH  HOLDERS 

The  brush  holders  should  be  mounted  on  the  studs  accord- 
ing to  the  instructions  furnished  with  the  generator.  Paral- 
lelism of  the  studs  and  commutator  segments  is  usually 
insured  by  the  factory  machining  of  the  insulating  collars,  but 
should  be  checked  if  these  become  warped,  sprung  or  swollen. 
All  brush  holders  should  be  at  the  same  distance  from  the 
commutator,  not  over  one-eighth  of  an  inch  at  the  inboard  and 
outboard  ends,  and  the  toes  of  all  brushes  on  one  stud  should 
line  with  the  edge  of  the  one  segment.  If  a  stud  is  out  of  line 
in  either  of  these  directions,  the  insulating  collars  should  be 
filed  to  correct  it. 

STAGGERING  OF  BRUSHES 

The  brushes  should  be  staggered  so  that  they  will  not  follow 
each  other's  tracks  on  the  commutator.  Better  results  are 
obtained  by  staggering  the  brushes  on  all  positive  studs  with 
reference  to  each  other,  and  those  on  all  negative  studs  with 
reference  to  each  other.  Collector  ring  brushes  on  3-wire 
machines,  should  be  staggered  so  as  to  distribute  the  wear 
over  the  full  width  of  the  collector  rings,  thus  preventing  the 
formation  of  grooves  in  the  rings. 

FITTING  THE  BRUSHES 

After  the  parts  are  all  assembled,  the  brushes  should  be 
fitted  as  closely  as  possible  to  the  curvature  of  the  commutator, 
the  final  fitting  being  done  with  very  fine  sandpaper.  Best 
results  are  obtained  by  pressing  the  brush  down  in  the  box 
with  one  hand  and  drawing  the  sandpaper  under  it  in  the 
direction  of  rotation  with  the  other,  raising  the  brush  between 
"cuts"  and  always  holding  the  sandpaper  down  against  the 
curvature  of  the  commutator  to  guard  against  cutting  away 
the  edge  of  the  brush.  This  method  of  sanding  will  minimize 
the  length  of  time  that  the  machine  must  be  run  fight  before 
load  may  be  put  on.  A  proper  fit  cannot  be  obtained  by 
working  a  strip  of  sandpaper  back  and  forth  under  the  brush 
held  in  the  brush  holder  by  the  spring.     Never  use  emery  or 
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carborundum  as  the  particles  will  imbed  in  the  brush  and 
commutator,  producing  continuous  cutting. 

BRUSH  PRESSURE 

The  proper  adjustment  of  spring  pressure  on  the  generator 
brushes  depends  upon  the  material  and  size  of  the  brush. 
Carbon  brushes  should  be  run  at  a  pressure  of  two  pounds 
per  square  inch  of  cross  sectional  (not  contact)  area  on  all 
sizes  up  to  three-quarters  of  an  inch  thick.  One  and  three- 
quarter  pounds  per  square  inch  is  sufficient  on  larger  sizes. 
Graphite  brushes  may  be  run  at  pressure  as  low  as  one  pound 
per  square  inch  for  all  sizes.  The  motor  brush  pressure  should 
be  from  one  and  three-quarters  to  two  pounds  per  square  inch. 

SETTING  OF  BRUSHES  OF  COMMUTATING-POLE  GENERATORS 

The  brushes  of  commutating-pole  generators  are  generally- 
set  on  the  mechanical  neutral,  that  is,  opposite  the  mid-point 
of  the  main  pole  arc.  It  may  be  necessary  in  some  cases  to 
shift  the  brushes  sUghtly  from  the  neutral  point  in  order  to 
secure  the  best  commutation,  or  more  stable  parallel  operation. 
A  tram,  with  directions  for  its  use  in  locating  the  brushes 
properly  with  respect  to  the  poles  is  sent  out  with  some  ma- 
chines. The  brush  position  should  be  marked  on  the  commu- 
tator by  means  of  this  tram  before  the  brush-holder  brackets 
are  assembled,  as  the  brackets  may  interfere  with  the  use  of 
the  tram.  When  a  tram  is  not  furnished  the  mechanical 
neutral  may  be  determined  from  the  factory  marks  on  the 
armature  slots  and  commutator  bars,  or  by  other  methods 
given  in  the  detailed  instructions  shipped  with  the  machine. 
The  brushes  of  the  nearest  stud  should  be  set  on  the  center  of 
the  group  of  commutator  bars  at  the  neutral  point. 

OIL  RINGS  AND  PULLEYS 

It  should  be  remembered  that  in  a  machine  which  has  solid 
oil  rings,  these  rings  should  be  placed  on  the  shaft  before  the 
pulley  in  case  a  machine  is  so  fitted,  and  the  pulley  should  be 
placed  on  the  shaft  before  the  armature  is  slung  into  place. 
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If  the  poilley  has  a  spht  hub,  and  if  trouble  is  experienced  in 
slipping  it  on  the  shaft,  wedges  may  be  driven  into  the  hub, 
increasing  the  diameter  of  the  bore  slightly  so  that  it  will  slide 
into  place  easily;  before  driving  in  the  wedges,  the  clamping 
bolts  should  be  loosened  as  otherwise  the  pulley  may  be  broken. 
The  wedges  should  then  be  withdrawn;  the  bolts  clamping 
the  pulley  on  the  shaft  should  be  tightened  before  the  check 
nuts  are  set  up  and  lastly,  the  set  screws  over  the  key  should 
be  firmly  screwed  down. 

OIL  GUARDS 

Oil  guards  to  prevent  leakage  or  throwing  of  oil  from  the 
engine  bearings  on  any  part  of  the  generator,  particularly  the 
commutator,  must  be  provided  by  the  engine  builders  in  cases 
of  engine-driven  units.  Great  care  must  be  exercised  in  the 
design  of  these  oil  guards  on  account  of  the  suction  caused  by 
modern  ventilating  methods.  The  men  in  charge  of  erecting 
the  generators  should  immediately  warn  the  purchaser  if  the 
engine  bearings  throw  oil. 

PRESSING  THE  ARMATURE  ON  THE  SHAFT 

The  following  instructions  may  be  used  when  it  is  necessary 
to  press  the  armature  on  the  shaft  at  the  location  of  the 
installation. 

Under  all  ordinary  circumstances  the  shaft  and  spider  should 
be  pressed  together  at  the  same  temperature. 

Before  attempting  to  press  an  armature  on  a  shaft,  both  the 
bore  and  shaft  should  be  carefully  calipered  to  obtain  some 
idea  of  the  fit.  If  the  fit  is  found  to  be  too  tight,  the  shaft 
should  have  any  high  spots  filed  off. 

The  shaft  and  armature  should  be  a  pressing  fit  only  at  the 
spot  where  they  are  finally  to  remain  together  and  the  shaft 
should  be  turned  to  a  smaller  diameter  at  other  places.  If 
this  has  been  overlooked  by  the  engine  builder,  it  should  be 
attended  to,  if  possible,  before  the  work  of  pressing  is  under- 
taken. If  it  cannot  l)c  turned,  the  shaft  should  be  eased  off 
with  a  file,  except  at  the  places  above  mentioned,  in  order  to 
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obviate  the  necessity  of  pressing  the  armature  over  the  entire 
length  of  the  shaft. 

All  bolts,  straps  and  blocks  used  on  the  work  should  be 
ready  before  starting  the  operation  of  pressing,  which,  when 
once  started  should  be  completed  as  soon  as  possible.  If  the 
armature  is  allowed  to  stand  over  night  haK  pressed  on,  an 
abnormal  amount  of  pressure  will  be  required  to  start  it  again. 

The  long  rods  which  are  used  for  drawing  the  armature  on 
should  be  placed  as  nearly  parallel  with  the  shaft  as  possible, 
in  order  to  keep  the  armature  from  twisting.  If  the  keyway 
runs  the  whole  length  of  the  part  over  which  the  armature 
is  to  slide,  this  will  not  be  so  important,  as  a  temporary  or 
permanent  key  can  be  used  to  keep  the  keyways  parallel. 

The  long  rods  used  for  drawing  on  the  armature  should  be 
from  one  and  one-half  to  three  and  one-half  inches  diameter 
with  a  short  thread  on  one  end  for  a  nut,  and  the  long  thread 
should  be  cut  up  from  three  to  six  feet,  as  the  case  may  require. 
Blocking  from  6  inches  square  to  10  inches  square  or  any 
suitable  combination  of  blocking  that  can  be  picked  up,  or 
pieces  4  inches  X  10  inches  set  on  edge  with  a  strap  across 
for  the  rods  might  be  used  instead  of  boring  holes  in  solid 
timbers. 

If  the  shaft  has  had  the  high  spots  filed  off  and  is  still  so 
large  as  to  render  the  pressing  difficult,  the  hub  may  be  heated. 
A  variation  of  .015  inches  to  .020  inches  will  cause  a  con- 
siderable difference  in  the  ease  of  pressing. 

Great  care  should  be  taken  to  heat  the  hub  uniformly 
so  that  the  hole  may  not  be  twisted  out  of  round  and  be 
larger  in  one  direction  and  smaller  in  the  other  than  before 
heating.  Care  must  be  taken  not  to  damage  the  insulation 
either  by  heating  or  in  cooling  off  with  water. 

It  sometimes  happens  that  the  shaft  has  been  stored  in  a 
much  warmer  place  than  the  spider  for  some  time  previous 
to  the  pressing  on  of  the  latter.  In  this  case  the  temperature 
may  be  reduced  by  packing  the  shaft  in  ice  for  a  few  hours, 
thus  contracting  it  to  its  proper  size.  This  requirement  Is 
seldom  met  in  practice  however. 
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If  a  considerable  amount  is  to  be  gained,  cracked  ice  mixed 
with  salt  is  recommended,  as  the  resulting  temperature  will  be 
at  least  15  or  20  degrees  lower.  It  may  be  noted  that  the 
coefficient  of  expansion  for  untempered  steel  is  practically 
0.000006  per  degree  Fahrenheit;  that  is,  each  inch  of  steel  will 
expand  this  amount  for  each  degree  Fahrenheit  that  it  is 
heated. 

If  the  shaft  and  armature  are  to  be  put  together  while  one 
is  hot  and  the  other  cold  it  will  be  very  important  to  have 
everything  ready  before  starting,  as  the  work  must  be  finished 
quickly.  The  shaft  should  be  very  carefully  marked  in  ad- 
vance for  the  position  of  the  armature  so  that  no  time  will 
be  wasted. 

Should  an  excessive  variation  be  found  between  the  arma- 
ture bore  and  shaft  diameter,  the  shaft  should  be  checked 
with  the  gauges  furnished  by  the  manufacturer  to  the  engine 
builder,  and  if  the  error  is  in  the  shaft  the  engine  builder 
should  correct  it  before  proceeding  with  the  assembly. 

It  is  customary  to  make  the  following  allowances  for  pressing 
fits: 

Shafts  up  to  5  inches  in  diameter 0.001  inch 

Between  5  inches  and  12  inches 0.002  inch 

Between  12  inches  and  18  inches 0.003  inch 

Above  18  inches 0 .  004  inch 

The  amount  of  pressure  required  to  force  shafts  of  different 
diameters  depends  so  much  on  conditions  and  comparative 
temperatures  of  the  shaft  and  spider,  that  it  is  quite  impossible 
to  set  any  definite  pressure  required  for  assembling. 

It  may  be  expected  that  for  shafts  up  to  5  inches  in  diameter 
a  pressure  of  between  10  and  35  tons  is  necessary.  Up  to 
12  inches  pressure  between  25  and  90  tons.  Up  to  18  inches 
between  50  and  140  tons.  Above  18  inches  between  80  and 
200,  or  even  300  tons  would  be  required. 

A  difference  in  temperature  of  a  very  few  degrees  may 
change  the  above  maximum  and  minimum  amounts  very 
materially  in  any  particular  case,  but  with  all  conditions 
favorable  the  above  may  be  considered  good  pressing  fits. 
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THE  STARTING  AND  OPERATION  OF  DIRECT- 
CURRENT  MOTORS. 
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The  Starting  and  Operation  of  Direct-current  Motors. — The 

Manufacturers  of  electrical  machinery  furnish  as  far  as  possible, 
apparatus  which  will  perform  the  service  required  without 
delay  or  trouble,  making  tests  before  shipments  to  insure 
against  failure  of  any  part  after  delivery  to  the  purchaser's 
plant.  However,  it  is  not  possible  to  locate  all  defects  and 
weaknesses  during  the  factory  tests,  and  in  many  cases  ship- 
ment has  to  be  made  without  these  tests  due  to  urgent  need 
of  the  machines  for  emergency  conditions.  For  these  reasons 
and  very  often  on  account  of  damages  done  in  shipments,  the 
apparatus  when  first  installed  and  started  immediately  de- 
velops slight  troubles.  It  is  important  that  the  cause  of  such 
troubles,  whether  due  to  improper  adjustments  at  the  factory 
or  to  damage  received  in  transit,  be  removed  at  once  as  a  delay 
in  correcting  even  a  trifling  defect  may  result  in  a  serious  fail- 
ure of  the  units  or  the  parts  of  units,  which  would  shut  down 
the  entire  plant  and  require  the  services  of  trained  experts  to 
make  repairs.  In  case  of  trouble  upon  starting,  the  unit  should 
be  shut  down  at  once  and  a  thorough  examination  made  to 
locate  the  cause  of  the  faulty  operation  but  if  no  apparent 
cause  for  the  action  is  found,  no  experiments  upon  the  units 
should  be  permitted  by  inexperienced  hands. 
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GENERAL  INSPECTION 

When  the  assembly  work  has  been  completed  no  attempt 
should  be  made  to  start  the  motor  until  a  final  inspection  of 
the  entire  unit  is  completed.  Electrical  as  well  as  mechanical 
defects  should  be  remedied  before  attempting  to  start  up  and 
a  list  of  special  points  is  given  below  which  should  be  carefully 
considered  to  insure  against  any  troubles  or  defects  which  may 
result  from  oversight. 


Fig.  37. — Compound  wound  motor. 
A  compound  wound  motor  of  the  end  shield  type  manufactured  by  the  Weetinghouse 
Electrical  Co. 

1.  The  voltage  on  the  name  plate  of  the  motor  should  be  checked 
with  the  voltage  of  the  circuit  from  which  the  motor  is  to  take 
power. 

2.  The  electrical  connections  should  be  compared  with  the  draw- 
ings furnished  with  the  motor. 

3.  Broken  or  damaged  parts  must  be  replaced  or  repaired.  See 
Page  247  of  Chapter  VIII  on  "  Tests  and  Repairs." 
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4.  Loose  bolts,  nuts,  washers  or  tools  must  be  removed  from 
all  moving  parts  and  so  placed  as  to  prevent  falling  into  the  motor 
while  running. 

5.  All  bolts  holding  poles  to  the  frames  and  those  holding  the 
brush-holder  brackets  to  the  yoke  should  be  tight  to  prevent  move- 
ment of  the  poles  or  brush  holders  when  power  is  applied.  The 
holding  down  and  foundation  bolts  should  all  be  in  place  and  tight. 
The  brush  holders  should  be  tight  on  the  bracket  or  studs. 

6.  Loose  connections  at  the  brushes  or  at  the  points  of  contact 
with  the  brackets  or  studs  will  cause  commutation  trouble  and 
these  contacts  must  be  perfect,  clean  and  tight. 

7.  The  main  field  air  gaps  must  be  uniform  as  well  as  the  gaps 
under  the  commutating  poles,  but  it  should  be  noted  that  the  two 
gaps  may  not  be  of  the  same  size.  The  air  gap  should  Joe  measured 
with  the  armature  stationary,  after  which  the  armature  should  be 
rotated  and  the  gap  measured  in  several  positions  to  avoid  error 
due  to  the  armature  being  out  of  round.  The  air  gaps  should  be 
measured  from  iron  to  iron  whenever  possible. 

8.  The  commutator  segments  should  be  examined  carefully  to 
guard  against  short  circuits  between  bars  due  to  bridges  of  copper 
or  damage  caused  by  a  blow  or  in  rough  handling.  Where  the 
mica  between  the  segments  is  grooved  or  cut  below  the  surface 
of  the  copper  segments  the  grooves  should  be  clear  of  all  dirt  or 
metal  particles. 

9.  The  armature  should  turn  free  in  its  bearings  and  it  is  advisable 
to  turn  the  revolving  part  by  hand  before  starting  when  the  size 
of  the  unit  permits. 

10.  The  commutator  leads  and  clips,  also  all  of  the  armature 
clips  both  front  and  back,  should  be  straightened  out  if  bent  together 
in  assembling  or  handling. 

n.  Damaged  insulation  at  the  ends  of  the  commutator,  on  the 
armature  binding  bands,  field  coils,  and  pole  face  connections 
should  be  given  a  treatment  of  good  insulating  varnish  to  close  all 
openings  through  which  dirt  or  oil  might  enter. 

12.  The  clearances  between  live  parts  where  full  voltage  exists 
to  the  ground  or  where  full  potential  exists  between  connections, 
must  |je  ample  to  prevent  arcing  or  grounding.  Voltages  up  to 
125  should  be  given  a  clearance  not  less  than  three-eighth  inch  and 
alx)ve  125  volts  at  least  one-half  inch  to  three-fourth  inch  should 
be  allowed.     WTiere  the  connection  strips  are  not  stiff  enough  to 
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be  self-supporting,  spacers  should  be  supplied  to  prevent  contact 
when  the  power  is  applied. 

13.  The  pole  tips  should  be  straight  and  all  laminations  not  in 
line  should  be  forced  back  into  place. 

14.  The  center  Une  of  the  armature  core  should  be  the  same 
as  the  center  line  of  the  pole  pieces. 

15.  The  bearings  should  be  filled  with  a  light  grade  of  good 
mineral  oil  to  the  proper  level  as  shown  by  the  sight  gauges.  The 
oil  rings  should  turn  free  on  the  shaft  and  in  the  oil  well. 

16.  The  bearings  must  not  leak  oil  particularly  around  the  commu- 
tator end  of  the  unit. 

17.  The  connection  strip  must  not  rub  on  the  binding  bands 
of  the  armature.  The  brush  holders  must  be  clear  of  the  commu- 
tator surface  by  at  least  one-sixteenth  inch. 

18.  The  brushes  must  be  free  to  move  in  the  holders  and  the 
springs  set  to  give  an  average  pressure  of  one  and  three-fourth 
pounds  per  square  inch  of  contact  surface.  The  brushes  should 
be  carefully  fitted  to  the  commutator  surface. 

19.  The  brushes  should  be  equally  spaced  around  the  commu- 
tator and  the  brackets  or  studs  carrying  the  holders  must  be  set 
so  that  all  holders  are  at  an  equal  distance  from  the  commutator 
surface.  The  center  line  of  all  of  the  brushes  must  be  parallel  to 
the  commutator  segments  or  side  mica. 

20.  The  brushes  should  be  staggered  in  such  a  way  as  to  cover 
the  entire  surface  of  the  commutator  in  order  to  prevent  grooving 
or  scoring.  The  brush  holders  should  be  staggered  in  pairs  of  studs. 
The  holders  should  be  placed  in  position  as  directed  by  the  in- 
structions furnished  with  the  machine. 

21.  The  pulley  or  coupling  should  be  tight  to  prevent  slipping. 

22.  All  dirt,  grit,  carbon  dust,  lint,  etc.,  must  be  blown  out  of 
the  machine  by  compressed  air  or  by  the  use  of  a  small  hand  bellows. 
The  best  results  from  blowing  out  are  obtained  by  the  blowing  from 
the  back  end  of  the  machine  toward  the  commutator. 

23.  The  copper  connections  between  the  brushes  and  the  brackets 
or  bus  bars  must  not  be  allowed  to  touch  rotating  parts  of  the 
armature  or  parts  not  insulated  from  the  ground. 

STARTING  UP 

Shunt  Motors. — After  the  general  inspection  has  been  made 
the  machine  may  be  started.     Very  small  motors  such  as 
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fan  motors  are  thrown  directly  on  the  line,  but  larger  sizes 
are  fitted  with  a  starting  resistance  connected  as  shown  in 
Figure  38.  The  wiring  as  shown  is  so  arranged  that  the 
shunt  field  (B)  is  excited  as  soon  as  the  main  line  switch 
{D)  is  closed.  The  fields,  with  or  without  separate  switches 
in  the  line,  should  be  excited  before  the  armature  circuit  is 
closed  through  the  starting  resistance.  Care  should  be 
exercised  to  connect  the  shunt  field  terminals  (A)  and  (C) 
direct  to  full  voltage  supply.  For  example,  if  (C)  were  con- 
nected at  (G)  instead  of  as  shown,  the  starting  resistances  (R) 
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Fig.  38. — Sketch  showing  the  connections  for  a  shunt  wound  motor. 

would  be  in  series  with  the  field  and  the  full  voltage  could 
not  be  applied  to  the  shunt  field  until  the  armature  resistance 
was  completely  cut  out.  In  this  case  the  fields  would  be 
under-excited  upon  starting  and  the  starting  torque  which 
depends  directly  upon  strength  of  the  field  and  armature 
current,  would  be  reduced  materially. 

If  the  motor  refuses  to  start  when  the  full  current  shown  by 
the  ammeter  is  flowing  in  the  armature,  the  poles  should  be 
tried  for  magnetism.  In  case  the  poles  fail  to  attract  pieces 
of  steel  or  iron  held  in  the  hand  to  a  noticeable  degree,  the 
connections  to  the  fields  should  be  examined  and  a  circuit 
established,  to  produce  magnetism  before  cutting  out  more 
resistance  and  thereby  increasing  the  armatm*e  current  to  a 
point  where  damage  might  result  from  heating.  If  the  field 
is  found  to  be  strong  and  the  armature  current  is  flowing, 
failure  to  start  may  be  due  to  friction  of  the  belt,  bearings, 
gears  or  shafting.  Shaking  the  belt  or  giving  help  to  start 
the  rotor  by  hand  frequently  breaks  up  such  conditions  and 
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often  helps  motors  of  smaller  sizes  for  the  first  time,  after  which 
no  further  trouble  is  experienced. 

In  Chapter  VII  on  "Troubles  and  Remedies"  other  causes 
of  failure  to  start  will  be  discussed. 

OPERATION 

Shunt  Motors. — After  the  motor  has  come  up  to  full  speed 
and  all  of  the  armature  resistance  has  been  cut  out,  an  in- 
spection should  be  made  at  once  to  make  sure  that  the  oil 
rings  are  turning  and  that  the  brushes  are  riding  properly 
on  the  -commutator  without  sticking  in  holders,  chattering, 
sparking  or  making  excessive  noise.  The  commutator  should 
run  true.  The  mechanical  balance  of  the  machine  should 
also  be  noted  by  placing  the  hand  on  the  bearings  carrying 
the  revolving  parts,  to  note  if  vibration  is  present.  The 
armature  should  float  freely  in  the  bearings  without  tending 
to  hold  to  one  end  or  the  other.  All  restrictions  to  ventilation 
should  be  cleared  away  so  that  the  machine  may  have  a 
proper  circulation  of  air.  When  first  started  the  bearings 
should  be  watched  closely  for  heating  until  a  constant  tem- 
perature has  been  reached. 

Commutating  pole  motors  do  not  require  shifting  of  the 
brushes  as  the  load  rises  from  no  load  to  full  load  but  it 
may  be  necessary  with  machines  not  so  equipped  to  shift  the 
brushes  to  prevent  sparking  as  the  load  comes  on.  Shifting 
against  rotation  or  "back"  is  correct  for  motors  when  the 
sparking  is  due  to  loading  up.  It  is  nearly  always  possible  to 
find  a  point  for  the  brush  position  where  the  operation  at  all 
loads  will  be  satisfactory  and  it  is  advisable  to  set  the  brushes 
on  this  point  and  allow  a  little  sparking  at  the  two  extremes, 
that  is,  at  zero  and  full  load,  as  no  harm  will  result  unless  the 
motor  is  overloaded,  in  which  case  some  shifting  of  the  brushes 
is  necessary. 

The  speed  of  shunt  motors  will  rise  as  the  fields  become 
warm  or  hot  and  for  this  reason  checks  on  the  speed  should 
not  be  made  until  the  temperatures  have  become  constant, 
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after  which  the  resistance  of  the  field  and  excitation  current 
will  not  change. 

Once  started,  shunt  motors  require  very  little  attention 
excepting  to  see  that  the  brushes  are  kept  free  in  the  holders 
and  that  the  machine  is  kept  as  free  as  possible  from  dirt  and 
dust  by  frequent  cleaning  and  blowing  out.  The  oil  in  the 
bearings  should  be  changed  at  regular  intervals  depending  on 
the  service.  Bearings  exposed  so  as  to  collect  grit,  concrete 
dust  and  such  material  require  a  change  of  oil  every  two  weeks 
as  compared  with  pump  motors  or  motors  operating  in  loca- 
tions free  from  foreign  matter  where  a  change  of  oil  every  sixty 
days  will  suffice.  The  mica  between  the  commutator  segments, 
if  flush  with  the  surface,  should  be  sand  papered  down  when 
an  examination  shows  this  mica  to  be  above  the  surface  of  the 
copper.  If  grooved  or  undercut  mica  is  used,  it  should  be 
kept  below  surface  by  slotting  when  necessary. 

The  brushes  should  be  changed  before  they  become  worn 
to  a  point  where  the  metal  connections  damage  the  commu- 
tator. The  springs  should  be  notched  up  to  keep  the  pressure 
constant  as  the  brushes  wear  down. 

Oil  leaks  must  not  be  permitted,  particularly  about  the  com- 
mutator, as  failure  of  insulation  would  result  in  a  short  time. 

STOPPING 

Shunt  Motors. — First,  pull  the  line  switch  or  throw  out  the 
circuit  breaker,  then  open  the  shunt  field  circuit. 

Never  open  the  field  circuit  of  any  motor  to  shut  it  down  as 
the  machine  will  run  away  or  race  or  flash  over,  doing  damage 
to  the  brushes,  commutator  and  connections.  After  shutting 
down,  make  sure  that  the  starting  resistance,  if  not  automatic, 
is  thrown  in  position  to  place  all  resistance  in  the  line.  Never 
leave  the  starting  box  in  a  running  position  after  shutting 
down. 

REVERSING 

Shunt  Motors. — To  reverse  the  direction  of  rotation  of  a 
shunt  motor,  reverse  either  the  shunt  field  terminal  connections 
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or  the  armature  terminals.  Do  not  reverse  both  as  the  direc- 
tion of  rotation  will  then  remain  the  same.  In  motors 
equipped  with  commutating  poles,  no  shifting  of  the  brushes 
will  be  necessary  upon  reversal  of  rotation  but  motors  without 
commutating  poles  require  that  the  brushes  be  shifted  against 
rotation  the  same  amount  as  with  the  previous  rotation. 
Motors  equipped  with  brushes  set  at  an  angle  with  the  hori- 
zontal greater  than  20  degrees,  should  have  their  brushes 
or  studs  turned  when  reversed  rotation  is  required.  Below 
this  angle  no  change  is  necessary.  Most  motors  are  equipped 
with  a  brush  rigging  to  permit  operation  in  either  direction 
of  rotation  but  in  large  sizes  where  the  rotation  is  fixed,  holders 
with  a  large  angle,  20  degrees  or  more,  may  be  employed, 
which  require  changing  as  mentioned  above,  when  reversed 
operation  is  desired. 

THE   STARTING   AND    OPERATING   OF  COMPOUND   MOTORS 

After  a  careful  inspection,  the  compound-wound  motor  may 
be  started,  operated  and  stopped  according  to  the  instructions 
given  under  shunt-motor  operation,  with  the  exception  of  the 
reversal  of  rotation.  To  change  the  direction  of  rotation  of  a 
compound  motor  it  is  necessary  to  reverse  both  the  series  and 
shunt  fields  or  to  change  the  connections  to  the  armature. 
When  the  motor  is  fitted  with  commutating  poles  no  shifting 
of  the  brushes  is  necessary  upon  reversal  and  when  not  so 
equipped,  the  precautions  to  be  observed  in  shifting  the  brushes 
will  be  as  noted  under  shunt-motor  operation. 

THE  STARTING  AND  OPERATING  OF  SERIES  MOTORS 

Series  motors  are  controlled  by  a  resistance  placed  in  the 
armature  and  field  circuits.  The  general  instructions  cover- 
ing the  starting  and  operating  of  series  motors  will  be  the  same 
as  those  given  under  shunt-motor  operation  and  it  should  be 
noted  that  a  change  in  the  direction  of  rotation  is  obtained  by 
reversing  either  the  field  or  armature  leads  but  not  both  at 
the  same  time.    The  starting  equipment  is  the  same  as  that 
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used  for  the  shunt  and  compound  motors,  omitting  the  shunt 
field  connections  where  the  motors  are  operating  on  a  constant 
load  and  at  a  constant  speed,  such  as  in  the  case  of  fans  or 
pumps.  Where  the  motor  is  operating  at  variable  speeds 
and  loads,  the  starting  equipment  must  have  ample  current- 
carrying  capacity  to  operate  in  the  line  continuously  for  the 


Fig.  39. — Series  wound  motor. 

purpose  of  regulating  the  speed.  Series  motors  should  be 
connected  to  a  load  which  cannot  be  dropped,  as  racing  will 
follow  as  a  result  of  the  loss  of  load. 

GENERAL 

Direct-current  motors  of  any  type  may  be  operated  as 
generators  by  supplying  mechanical  energy  to  the  shaft  and 
changing  the  field  connections  for  voltage  generation.  Unless 
the  machine  has  been  designed  for  operation  both  as  a  motor 
and  generator  however,  it  will  be  found  that  the  fields  are 


STARTINCr  AND  OPERATION  OF  MOTORS  67 

not  of  sufficient  strength  to  generate  the  full  rated  line  volt- 
age without  high  field  temperatures,  since  the  drop  or  loss  of 
voltage  in  the  generator  has  to  be  generated  in  addition  to 
the  terminal  voltage.  Full-line  voltage  may  be  obtained  by 
increasing  the  speed  without  danger  mechanically  and  this  is 
quite  common  practice. 

To  oj)erate  a  shunt  motor  as  a  generator  no  change  is  nec- 
essary in  the  field  or  armature  connections. 

To  operate  a  compound-wound  motor  as  a  generator  it  is 
necessary  to  reverse  the  series  field  only,  leaving  the  armature 
and  shunt  field  connections  in  their  original  positions. 

CARE  AND  MAINTENANCE 

A  systematic  inspection  of  the  set  should  be  made  at  least 
once  a  week,  keeping  the  following  points  in  mind. 

Cleanliness. — See  that  both  the  interior  and  exterior  of  the 
machines  are  kept  free  from  metal  dust,  dirt  of  any  descrip- 
tion, oil  or  water.  Take  particular  pains  to  prevent  dirt  or 
metal  dust  from  collecting  inside  the  end  windings  of  the  arma- 
ture, both  in  the  coupling  and  the  commutator  ends.  Every 
precaution  is  taken  in  the  construction  of  machines  to  avoid 
trouble  from  this  source,  but  an  excessive  accumulation  of 
dirt  may  eventually  ground  the  armature  and  burn  it  out. 
Compressed  air  is  the  most  effective  means  of  cleansing  the 
interior  parts,  but  a  small  bellows  can  be  used  if  compressed  air 
is  not  available.  Wipe  the  brush  holder  studs  and  leads  care- 
fully to  remove  all  traces  of  metal  dust  worn  from  the  commu- 
ta'tor  and  clean  the  motor  brushes  and  brush  holders. 

Blow  the  machine  out  at  least  once  a  day;  if  it  cannot  be 
taken  out  of  service  and  shut  down,  blow  it  out  while  running. 
After  blowing  out  a  machine  standing  stationary,  start  it  up 
and  blow  it  out  again  while  running  on  half  voltage. 

Oil. — See  that  the  oil  wells  are  filled  with  a  good  quality 
of  clean  mineral  oil  nearly  to  the  top  of  the  overflow  hole  of 
the  oil  filler,  or  half-way  up  the  glass  gauge,  if  one  is  provided. 
Use  heavy  oil  on  large  machines.  After  the  first  week,  the  oil 
should,  under  average  conditions  be  drained  out  about  every 
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sixty  days  and  replaced  with  fresh,  clean  oil.  lu  replacing 
the  drainage  plug,  it  should  be  dipped  in  a  mixture  of  red  lead 
and  shellac  and  securely  tightened  to  prevent  leakage.  When 
a  new  machine,  or  an  old  machine  that  has  been  changed  or 
repaired,  is  initially  started,  the  oil  rings  should  be  watched 
carefully  to  see  that  they  revolve  freely  and  carrj^-  a  sufficient 
amount  of  oil  to  the  shaft.  Thereafter,  the  rings  need  prac- 
tically no  attention  as  long  as  a  proper  supply  of  oil  is  main- 
tained in  the  oil  well. 

Brushes. — See  that  the  brushes  move  freely  in  the  holders 
and  make  contact  properly  with  the  commutator.  See  that 
the  brushes  are  properly  staggered,  so  as  not  to  wear  grooves 
in  the  segments.  Try  the  pressure  and  keep  it  up  to  the 
proper  value  as  the  brushes  wear. 

Commutator. — See  that  the  commutator  maintains  a  polished 
surface.  Blackening  of  all  the  bars  indicates  poor  adjustment 
of  the  commutating  field,  or  incorrect  brush  position.  Black- 
ening of  groups  of  bars  at  regular  intervals  may  be  due  to  the 
same  cause  or  to  poor  contacts.  Blackening  at  irregular 
intervals  indicates  a  rough  or  eccentric  commutator.  Ordi- 
narily the  commutator  will  require  only  an  occasional  wiping 
with  a  piece  of  dry  canvas,  or  other  non-linting  material,  but 
if  blackening  appears  and  grows  worse,  the  cause  must  be 
determined  upon  and  remedied.  Use  no  lubricant  on  the 
commutator.  Noisy  brushes  are  due  to  a  rough  commutator, 
or  to  too  much  clearance  between  the  commutator  and  brush 
holders.  The  use  of  any  lubricant  will  only  cause  sparking 
and  aggravate  the  trouble.  The  above  causes  of  faulty  com- 
mutation are  discussed  in  detail  in  Chapter  VII. 

COLLECTOR  RINGS  (THREE-WIRE  GENERATORS) 

See  that  the  collector  rings  maintain  a  smooth,  highly 
polished  surface.  Ordinarily,  the  rings  will  require  no  at- 
tention, provided  the  brushes  are  in  good  condition,  but  in 
case  the  rings  cut,  or  score,  a  sUght  amount  of  oil  (not  grease) 
applied  at  intervals,  together  with  an  increase  in  the  brush 
pressure,   will  help  to  restore  the  desired  smooth  surface. 
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Remove  any  sharp  edges  that  may  appear  on  the  rings  due 
to  wear. 

Bolts. — Go  over  the  bolts  and  nuts  occasionally  and  tighten 
them — particularly  those  in  the  generator  brush  rigging. 

Speed-limit  Devices. — The  speed-limit  devices  should 
be  tested  at  regular  periods.  They  are  designed  to  operate 
at  15  per  cent,  above  normal  speed.  Those  furnished  on 
motor  generator  sets  should  be  tested  by  cutting  off  the 
machine  from  the  alternating-current  supply,  running  it 
from  the  direct-current  bus  bar  and  gradually  weakening  the 
field  until  the  speed  rises  to  a  point  at  which  the  switch 
should  operate,  as  noted  by  a  tachometer  held  against  the 
end  of  the  shaft.  If  the  speed  limit  device  does  not  operate 
below  20  per  cent,  above  normal,  the  machine  should  be  shut 
down  and  the  defect  corrected. 

Commutator  Grinding  or  Turning. — In  many  cases  where 
a  commutator  is  rough  but  is  concentric,  it  is  possible  to 
stone  it  smooth  with  sandstone  instead  of  turning.  Whenever 
possible  this  is  to  be  preferred,  for  a  commutator  can  usually 
be  smoothed  by  the  removal  of  a  few  thousandths  in  this  way, 
whereas  if  it  were  turned,  a  man  would  probably  cut  away 
one-sixteenth  of  an  inch  and  possibly  more  before  completing  the 
work. 

Before  stoning,  all  traces  of  oil  or  grease  must  be  removed 
from  the  commutator  or  the  stone  will  glaze  over  with  copper 
and  will  not  cut.  A  piece  of  grindstone  or  medium  grade 
scythe-stone  will  answer  the  purpose;  the  stone  should  be 
worked  from  end  to  end  of  the  commutator  and  the  surface 
ground  down  evenly.  While  stoning,  the  brushes  should  be 
lifted  from  the  commutator  as  the  grit  will  cut  them  rapidly. 

After  stoning,  the  commutator  should  be  smoothed  with 
fine  quartz  (not  garnet)  sandpaper  and  then  polished  by  using 
the  back  of  the  paper.  Before  stoning  or  turning  the  com- 
mutator, the  clamping  bolts  should  be  tested  for  tightness 
while  the  machine  is  warm.  Extreme  caution  should  be 
used  in  tightening  the  bolts;  in  many  commutators  the  bolts 
are   strong   enough   to   distort   the   clamping  ring  and  dis- 
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tortion  of  the  ring  will  cause  serious  trouble  in  the  commutator. 
All  commutators  are  carefully  tightened  before  leaving  the 
factory  and  should  not  be  tightened  afterward  unless  there 
is  direct  evidence  of  looseness. 

When  the  commutator  is  too  rough  or  eccentric  to  be  stoned 
down  successfully  by  hand,  the  stone  may  be  held  by  a  tool 
post  on  a  pair  of  ways,  but  better  results  will  be  obtained  by 
the  use  of  a  revolving  wheel  grinder,  Figure  40,  or  it  may  even 
be  advisable  to  turn  the  commutator  before  grinding. 


Fici.   40. — Commutator  grinding  machine. 


Before  grinding  a  commutator,  a  suitable  head  should 
be  made  to  prevent  chips  or  dust  from  working  into  the 
armature.  This  head  is  best  applied  by  taking  a  strip  of 
cotton  several  inches  wider  than  the  length  of  the  end  con- 
nections and  long  enough  to  encircle  the  commutator,  wrap- 
ping it  around  the  commutator  and  binding  the  inside  edge 
with  cord  as  closely  as  possible  to  the  end  connections,  the 
cloth  should  then  be  turned  up  over  the  end  connections  and 
bound  with  cord  to  the  outside  of  the  armature. 

The  inside  of  the  machine,  field  coils,  etc.,  should  be  care- 
fully covered  with  oilcloth  or  some  such  protection. 

Two  wheels  are  shipped  with  the  grinding  tool,  one  a 
roughing  wheel  and  the  other  a  finish  wheel.  Generally  it 
is  necessary  to  use  the  finish  wheel  only. 
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The  machine  should  be  run  at  a  normal  speed,  preferably 
by  a  pulley  and  separate  driving  motor.  The  grinding  wheel 
should  be  rotated  against  the  commutator  at  approximately 
1800  r.p.m. 

Care  should  be  taken  to  start  the  wheel  without  a  jerk, 
for  fear  of  cracking  the  inside  edge  where  the  stone  is  attached 
to  the  iron  disk.  The  wheel  should  be  started  slowly  and 
changed  in  speed  slowly.  In  feeding  the  wheel  toward  the 
commutator  for  a  cut,  be  careful  to  have  the  wheel  barely 
dust  the  commutator  so  as  to  touch  only  the  high  spots. 
With  this  cut,  the  wheel  should  be  carried  through,  and  without 
changing  the  feed,  the  wheel  should  be  again  carried  across 
the  commutator.  The  secret  of  a  good  job  rests  in  taking 
the  lightest  possible  cut,  thus  preventing  vibration  of  tool 
and  wheel. 

After  the  commutator  is  as  true  as  it  is  possible  to  grind  it, 
it  is  necessary  to  polish  and  smooth  with  the  finest  grade  of 
sandpaper.  When  using  the  sandpaper,  a  very  little  pressure 
should  be  applied  and  the  paper  should  be  kept  moving  up  and 
down  the  surface  of  the  commutator  so  as  to  prevent  it  from 
developing  flats.  A  little  oil  applied  with  the  sandpaper 
will  help  to  give  a  polished  surface.  Sandpapering  of  high- 
speed commutators  should  be  restricted  as  much  as  possible, 
and  should  always  be  done  with  very  light  pressure  against 
the  commutator. 

After  finishing,  the  whole  of  the  machine  should  be  cleaned 
as  carefully  as  possible,  each  slot  between  the  commutator 
segments  should  be  gone  through  with  a  small  piece  of  hack- 
saw or  some  sharp  instrument  to  remove  any  grit,  copper 
dust,  etc.  If  the  mica  appears  to  be  flush  with  the  bars, 
it  should  be  grooved  below  the  surface  at  least  one-thirty-second 
inch,  using  a  grooving  machine,  a  hack-saw  blade  or  a  curved 
3-cornered  or  riffle  file. 

As  already  stated,  in  order  to  obtain  a  finished  job,  the  wheel 
should  be  advanced  toward  the  commutator  slowly,  taking  a 
very  light  cut  and  repeating  as  many  times  as  is  necessary  to 
eliminate  the  eccentricity  of  the  commutator.     Unless  the 
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commutator  of  a  high-speed  machine  is  true,  successful  com- 
mutation is  hardly  possible. 

Before  turning  a  commutator,  a  suitable  head  as  previously 
described  should  be  made  to  prevent  chips  or  dust  from  work- 
ing into  the  armature.  The  turning  post  should  be  set  so 
that  the  ways  are  absolutely  parallel  with  the  commutator, 
and  securely  fastened  and  braced.  The  best  tool  to  use  is  a 
side  cutting  tool  with  the  point  ground  to  about  one-sixteenth 

inch  radius.     The  cutting  side  and 

point  should  be  given  considerably 
more  rake,  as  shown  in  Figure  41, 

than  is  customary  for  use  in  work- 
ing steel  or  iron. 

The  commutator  surface  should 
be  driven  at  about  300  feet  per 
minute,  about  as  fast  as  a  tool  will 

cut  without  burning.     Care  should 

Fig.  41.— Showing  point  of     Y)e   taken  to   see  that   the  tool  is 

commutator  turning  tool. 

sharp  enough  to  make  a  clean 
smooth  cut  without  dragging  copper  over  the  slots.  The 
ends  of  the  commutator  bars  should  be  rounded  off  with 
a  file  while  the  commutator  is  in  the  lathe  to  at  least  one- 
sixteenth  inch  radius.  This  is  important,  for  if  the  com- 
mutator is  left  with  sharp  corners  at  the  ends  of  the  bars,  the 
mica  is  easily  broken  out  and  short  circuits  may  be  established 
by  oil  and  dust  at  these  points.  The  commutator  should 
finally  be  examined  carefully  to  see  that  there  are  no  small 
particles  of  copper  bridging  the  mica  between  adjacent  bars. 

It  is  not  out  of  place  at  this  time  to  call  attention  to  the 
fact  that  commutators  must  be  kept  absolutely  free  from 
oil  or  grease,  for  any  oil  absorbed  by  the  mica  will  cause  it  to 
crumble  gradually  and  may  eventually  cause  short  circuits 
between  bars  or  ground  to  the  core. 

When  the  machine  is  again  on  the  line  the  commutator 
should  receive  very  close  attention  at  first  to  see  that  a  good 
polish  is  established  promptly  on  the  surface.  All  traces  of 
blackening  should  be  wiped  off  frequently,  and  the  machine 
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should  not  be  operated  for  any  length  of  time  with  poor 
commutation. 


TREATMENT  OF  COMMUTATOR  AND  BRUSHES 

Generators  are  frequently  shipped  with  the  commutators 
freshly  turned.  This  and  the  initial  condition  of  the  brush 
faces  do  riot  constitute  a  fit  condition  for  carrying  loads,  and 
heavy  I6ads  must  not  be  put  upon  a  generator  when  first  put 
in  service.  This  point  must  be  insisted  upon,  for  if  the 
machine  is  misused  in  this  respect,  its  commutator  may  reach 
such  a  condition  as  to  require  turning,  and  a  great  deal  of 
trouble  may  be  experienced  before  proper  condition  is  obtained. 
If,  on  the  other  hand,  the  following  instructions  are  followed 
good  results  are  assured. 

When  the  armature  is  received  with  the  commutator 
polished  from  factory  testing,  the  generator  may  be  loaded 
at  once  as  heavily  as  the  condition  of  the  brush  surfaces  will 
permit  with  good  commutation,  but  if  the  commutator  is  not 
polished,  the  machine  should  be  run  for  at  least  twenty-four 
hours  with  normal  brush  pressure,  and  then  an  additional 
twenty-four  hours  approximately  half  load,  in  order  to  establish 
a  polish  on  the  commutator  surface.  The  desired  surface  will 
show  a  very  high  polish  by  reflected  light  and  will  vary  in 
color  from  a  light  straw  to  a  dark  brown,  or  even  a  blue 
gray,  the  actual  color  being  of  no  consequence  as  long  as  the 
bars  are  polished  uniformly  from  edge  to  edge. 

No  lubricant  should  be  used  on  the  commutator  either 
during  the  polishing  period  or  subsequently.  Both  the  carbon 
and  the  graphite  brushes  now  furnished  on  direct-current 
generators  are  self-lubricating,  and  their  characteristics 
are  seriously  impaired  by  the  use  of  any  external  lubrication. 
Self-lubricating  carbon  brushes  may  in  some  instances  leave 
a  black  deposit  on  the  commutator  when  first  put  into  service. 
This  deposit  should  be  wiped  off  as  rapidly  as  it  appears  by 
means  of  a  piece  of  dry  canvas  or  other  hard,  non-linting  mate- 
rial which  should  be  wound  around  a  block  and  held  against 
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the    commutator    with    sufficient    pressuic    lo    remove    the 
blackening. 

BEARING  LUBRICATION 

When  oil-ring  lubrication  is  used,  the  lubricating  oil  must 
not  be  allowed  to  get  so  low  in  the  oil  well  that  the  ring  does 
not  dip  into  it.     If  this  instruction  is  observed,  satisfactory 

lubrication  will  be  obtained  for  all 
ordinary  bearing  pressures  and  up 
to  100  pounds  per  square  inch  with 
a  rubbing  speed  not  exceeding 
1500  feet  per  minute.  For  higher 
bearing  pressures,  or  higher  speeds, 
some  form  of  forced  lubrication  is 
used.  The  oil  is  forced  into  the 
bearing  either  on  the  bottom,  or 
the  lower  quarter  and  enters  the 
bearing  at  a  point  such  that  the 

_     ^  revolving  shaft  draws  the  oil  under 

A^  the  shaft.     Oil  from  forced  lubri- 

^ta^*"  cated  bearings  is  usually  returned 

p  to  an  external  cooling  tank,  where 

its  temperature  is  reduced  before 
being  again  pumped  into  the  bear- 
ing.    Oil  rings  and  forced  lubrica- 
tion are  occasionally  used  on  the  same  bearings,  so  that  if 
the  oil  pressure  fails  the  rings  supply  enough  oil  to  prevent 
danger,  until  the  oil  pressure  can  be  restored. 

A  properly  designed  bearing  may  run  hot  from  the  follow- 
ing causes:  oil  rings  sticking,  scarcity  or  poor  quality  of 
lubricating  oil;  excessive  local  pressure  in  the  bearing;  insuffi- 
cient relief  on  the  sides  of  the  bearings;  improper  alignment  and 
excessive  belt  pull. 

The  remedy  for  the  greater  part  of  these  troubles  is  obvious. 
In  the  case  of  excessive  local  pressure  in  the  bearing,  or  insufl&- 
cient  relief  on  the  side  of  the  bearing,  the  remedy  is  to  remove 
the  high  spots  on  the  babbitt  or  bearing  metal  with  a  scraper 
and  increase  the  side  clearance. 


Fig.  42. — Cross  section  of 
bearing  in  place. 
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The  following  formula  can  be  used  as  a  rough  guide  to  esti- 
mate the  size  necessary  for  a  given  bearing.  If  P  equals  the 
pressure  per  square  inch  of  the  projected  areaof  the  journal  and 
V  equals  the  peripheral  velocity  of  the  journal  in  ft.  per  min., 
then  PV  equals  a  constant  for  oil  bearings.  Ordinary  bear- 
ings with  a  constant  PV  equals  66,000  can  be  operated  success- 
fully where  the  peripheral  speed  of  the  shaft  does  not  exceed 
1200  ft.  per  min. 

Before  starting  a  machine  all  bearings  must  be  filled  with 
the  proper  amount  of  oil.  Bearings  with  the  end  of  the  bearing 
shell  visible,  should  be  filled  with  oil  until  it  touches  the  lower 
part  of  the  shell  at  the  end  of  the  bearing  housing.  Where 
the  end  of  the  bearing  shell  cannot  be  seen,  the  bearing  should 
be  filled  to  within  three-eighths  inch  of  the  top  of  the  visible 
portion  of  the  oil  gauge  glass;  in  the  case  of  sight  gauges  to 
within  one-eighth  inch  of  the  top  of  the  gauge. 

Bearings  should  be  inspected  to  see  they  have  not  been 
carelessly  filled;  viz.,  that  oil  has  not  been  spilled  on  the  bear- 
ing housing,  or  bearing  shell,  or  upon  other  parts  associated 
with  the  bearing,  otherwise,  a  false  impression  may  be  ob- 
tained as  to  oil  leakage  or  throwing  when  under  test.  To 
give  the  bearing  a  critical  test  for  oil  leaking  or  throwing, 
the  dividing  line  between  cap  and  bearing  pedestal  and  be- 
tween bearing  brackets,  should  be  painted  with  white  chalk. 
The  end  of  the  commutator  or  field  spider  adjacent  to  the 
bearing  should  also  be  given  a  white  coating,  so  that  it  is 
possible  to  detect,  after  a  comparatively  short  run,  the  slight- 
est leakage  or  throwing  of  oil. 

No  oil  should  be  allowed  to  leak  or  be  thrown  from  the  bear- 
ings upon  the  rotating  parts,  or  windings.  This  is  especially 
true  with  reference  to  commutating  machines  where  it  is 
important  that  lubricating  oil  be  kept  away  from  the  commuta- 
tor, brushes  and  fittings.  Should  oil  leaking  or  throwing  on 
these  parts  be  detected  during  operation,  the  m.achine  should 
be  immediately  shut  down  and  the  leak  stopped  by  refitting 
or  tightening  joints.  If  the  bearings  during  operation  rise 
in  temperature  40  degrees  or  more,  above  the  room  tempera- 
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ture,  it  should  be  taken  as  a  defect;  since  no  properly  designed 
bearing  should  heat  above  40  degrees  under  normal  condi- 
tions. It  will  usually  be  found  that  a  greater  temperature  rise 
is  due  to  a  faulty  bearing,  resulting  from  misaUgnment,  loose 
babbitt,  sticking  of  oil  rings,  scored  shaft,  or  pitting  of  the 
shaft  due  to  circulating  electrical  currents  through  the  pillow 
blocks  and  the  base.  Faulty  bearing  action  is  described  in 
detail  under  "Troubles  and  Their  Remedies"  in  Chapter  VII. 


CHAPTER  V 

THE   STARTING   AND   OPERATION  OF  DIRECT-CUR- 
RENT GENERATORS 

General  Inspection — Starting  Up — Operation — Stop- 
ping— Parallel  Operation  of  Shunt,  Compound 
AND  Three-wire  Generators — Equalizers — Series 
Operation — Operation  as  a  Motor 

As  was  stated  in  the  preceding  chapter  on  "The  Starting 
and  Operation  of  Direct-current  Motors,"  it  is  important  that 
sHght  defects  and  imperfections  should  be  remedied  as  soon 
as  noted  to  prevent  trouble  from  growing  to  such  an  extent  as 
to  cause  a  serious  shutdown.  With  generators  this  is  all  the 
more  important,  since  one  motor  might  be  only  a  small  part 
of  the  equipment  while  the  generating  unit  is  in  many  cases 
the  supply  of  power  for  many  motors  as  well  as  lights.  No 
experimenting  should  be  permitted  by  operators  unless  ex- 
perienced in  handling  electrical  machinery. 

GENERAL  INSPECTION 

In  the  previous  chapter,  attention  was  called  to  the  special 
points  to  be  noted  before  any  attempt  is  made  to  start  the 
machine.  This  inspection  should  be  made  in  case  of  a  genera- 
tor but  in  addition,  all  switches,  circuit  breakers  and  connec- 
tions to  the  generator  should  be  opened.  All  wiring  diagrams 
should  be  checked  with  the  machine  connections.  Fill  the 
bearings  with  a  good  grade  of  light  mineral  oil  but  do  not  allow 
the  oil  to  overflow  from  the  bearings. 

Rotate  the  armature  by  hand  to  make  sure  it  turns  freely 
in  the  bearings  and  note  if  oil  rings  turn. 

Starting  the  Generator. — After  the  inspection  is  completed 
the  machine  is  ready  to  stait.    Bring  it  up  to  speed  slowly 
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with  all  switches  open  and  all  resistance  cut  in  on  the  field 
rheostat.  Examine  the  oil  rings  at  once  and  make  sure  the 
oil  is  circulating  in  the  bearings.  The  brushes  should  be 
examined  and  made  free  to  move  in  the  holders,  without  chat- 
ter or  undue  noise.  The  commutator  should  run  true  and  the 
mechanical  balance  should  be  such  as  to  produce  no  appreci- 
able vibration,  which  may  be  noted  if  the  hand  is  placed  on  the 
bearings  carrying  the  revolving  parts. 

Bring  the  prime  mover  up  to  full  speed  and  close  the  shunt 
field  circuit.  Allow  the  voltage  to  come  up  slowly,  watching 
the  commutator  and  the  brushes,  also  the  armature  for  any 
indications  of  sparking  or  trouble  due  to  heating,  which  might 
come  from  dirt  between  the  segments  or  short  circuits  in  the 
armature  not  found  during  inspection.  The  generator  should 
be  brought  up  to  full  voltage  by  cutting  out  resistance  in  the 
shunt  field  rheostat.  (Failure  of  the  generator  to  ''pick  up" 
or  generate  is  due  to  causes  given  in  Chapter  VII  covering 
"Troubles  and  Remedies.") 

After  the  generator  has  operated  at  full  voltage  for  a  short 
time  and  no  trouble  has  developed  from  heating  or  sparking, 
the  circuit  breaker  and  then  the  switches  to  the  line  may  be 
closed  and  power  furnished  to  the  hne  for  use  in  service. 
A  shunt- wound  generator  will  require  hand  regulation  to 
keep  the  voltage  constant  if  the  load  is  not  a  steady  one.  If 
the  generator  is  compound  wound,  the  voltage  regulation  will 
be  automatic  with  steady  or  variable  loads. 

The  load  may  exceed  the  rating  of  the  machine  or  short- 
circuits  on  the  Une  may  cause  the  circuit  breaker  to  open. 
As  a  precaution  against  burning  the  breaker  or  against  per- 
sonal danger,  open  the  line  switch  as  soon  a  the  breaker  has 
been  opened  by  the  overload,  then  close  the  breaker  and  finally 
the  line  switch.  This  system  will  allow  the  breaker  to  open  again 
immediately  in  case  the  trouble  on  the  line  has  not  been  cleared. 

No  attempt  is  made  at  this  point  to  cover  troubles  which 
may  arise  after  the  machine  is  placed  in  the  service.  The 
reader  is  referred  to  the  chapter  covering  "Troubles  and 
Remedies"  should  trouble  arise  from  heating,  sparking,  etc. 


STARTING  AND  OPERATION  OF  GENERATORS  79 

Stopping  the  Generator. — Reduce  the  load  by  cuitiiiK  down 
the  voltage  and  open  the  circuit  breaker  and  the  line  switches, 
also  the  shunt  field  switch.  Then  shut  down  the  prime 
mover. 

PARALLEL  OPERATION 

Assuming  that  the  power  plant  is  overloaded,  requiring  the 
operation  of  additional  machines,  and  as  it  is  neither  conven- 
ient nor  economical  to  operate  two  or  more  generators  as 
separate  pacts  of  the  same  system,  the  generators  should  be 
arranged  to  operate  in  parallel,  so  that  all  may  supply  power 
to  a  common  bus  or  line  or  any  single  generator  may  supply 
all  the  power  needed  in  case  the  required  amount  does  not 
exceed  the  rating  or  output  of  that  generator  at  times  when 
the  load  on  the  system  may  be  light.  In  this  way  the  genera- 
tors may  be  operated  at  the  most  efficient  loads,  which  is  in 
most  cases  about  the  normal  rating.  A  single  generator  and 
its  engine  running  at  full  load  and  maximum  efficiency  will  be 
a  great  deal  more  economical  than  two  generators  and  their 
engines  running  at  one-half  load.  Some  plants  in  operation 
have  three  sizes  of  machines  to  care  for  load  conditions  at 
maximum  efficiency,  for  example,  a  station  with  a  maximum 
load  of  300  kilowatts  might  have  three  generators,  that  is,  a 
300  kilowatt,  a  200  kilowatt  and  a  100  kilowatt  machine. 
The  100  kilowatt  generator  would  take  the  load  when  the  call 
for  power  was  light  followed  by  the  200  kilowatt  generator 
when  more  load  came  on  and  finally  to  take  full  power  the 
300  kilowatt  unit  could  be  started  and  the  others  shut  down, 
keeping  the  generator  on  the  line  for  each  part  of  the  service 
at  full  load.  The  100  kilowatt  and  200  kilowatt  units  might 
also  operate  in  multiple  in  case  of  a  breakdown  in  the  large 
unit  which  is  another  reason  for  breaking  up  the  units  into 
parts  in  a  ratio  of  1,  2  and  3. 

Generators  for  parallel  operation  may  be  shunt  or  compound 
wound  depending  on  the  service  required.  Shunt- wound 
machines  operate  satisfactorily  where  the  ampere  load  and 
voltage  are  constant  as  in  electrolytic  work  or  charging  bat- 
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teries.  In  large  central  stations  where  the  load  is  practically 
constant,  shunt-wound  generators  are  also  operated  in  parallel. 
Where  the  voltage  lange  exceeds  20  per  cent,  of  the 
normal,  separate  excitation  of  the  shunt  generator  may.  be 
used  to  advantage  to  insure  equal  division  of  the  load  at  the 
lower  values. 

Where  the  load  is  variable  such  as  is  the  usual  power  or 
light  circuits  or  a  combination  of  lighting  and  elevator  circuits, 
compound-wound  generators  are  used  almost  entirely  when 
operated  in  parallel,  to  avoid  the  necessity  of  hand  regulation 
and  special  attention  on  the  part  of  the  operators. 

Parallel  Operation  of  Shunt-wound  Generators. — Figure 
43   shows  the  connections  for  connecting  two  shunt-wound 
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Fig.  43. — Sketch  showing  the  connections  for  the  parallel  operation  of  two 
shunt  wound  generators. 


generators  in  parallel.  The  division  of  the  load  depends  upon 
the  strength  of  the  shunt  field  of  each  unit  and  either  machine 
may  be  made  to  take  load  or  drop  load  by  adjusting  the  shunt 
field. 

Parallel  Operation  of  Compound  Generators. — Two  or 
more  generators  connected  in  multiple  as  shown  in  Figure  44, 
would  operate  under  steady  load  without  trouble  if  com- 
pounded alike  and  if  the  prime  movers  were  properly  regulated, 
but  as  soon  as  the  load  changed,  the  equal  division  would  be 
upset,  and  in  a  short  time  there  would  develop  a  condition  so 
unstable  as  to  cause  serious  trouble  due  to  the  shifting  of  the 
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load  from  one  unit  to  the  other  as  the  voltage  would  rise  and 
fall  with  changes  of  speed  of  the  engine. 
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-Sketch   showing   the   connections   for  two   compound   generators 
operating  in  parallel  without  an  equalizer. 


Figure  45  shows  the  proper  connection  for  two  compound 
generators  operating  in  parallel,  with  the  addition  of  an 
equalizer  bus  to  correct  for  this  unstable  condition.  The 
equalizer  bus  connects  the  series  fields  of  all  generators  run- 
ning in  parallel.     This  connection  permits  a  flow  of  current 
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Fig.  45. — Sketch  showing  the  proper  connections  for  the  parallel  operation 
of  two  compound  wound  generators. 

from  unit  to  unit  through  a  low-resistance  path  and  good 
parallel  operation  is  secured  provided  the  following  conditions 
are  met. 

1.  The  prime  movers  must  have  approximately  the  same 
speed  regulation  from  no  load  to  full  load.     On  steam  engines 
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this  regulation  is  about  2  per  cent,  while  with  gas  engines 
it  varies  from  2  to  5  per  cent. 

2.  Generators  must  be  compounded  from  no  load  to  full 
load  at  the  same  voltages.  For  example,  100  volts  no  load, 
100  volts  full  load  or  if  over  compounded,  100  volts  no  load,  110 
volts  full  load. 

This  compounding  is  done  by  adjusting  the  shunt  across 
series  field  as  shown  in  Figure  46.  This  shunt  may  be  made  of 
strips  of  German  silver  or  banks  of  cast  iron  grids  connected 
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Fig.  46.— Sketches 


showing  a  series  field  with  two  types  of  shunts  for 
adjustments. 


in  series  or  multiple.  With  German  silver  shunts,  several  taps 
are  usually  added,  making  it  an  easy  and  quick  operation  to 
shift  the  shunt  cable  in  order  to  change  the  adjustment. 
Where  grid  shunts  are  used  it  is  necessary  to  add  or  subtract 
grids  for  adjustment.  With  either  type -of  shunt  it  should  be 
noted  that  any  change  made  to  increase  the  resistance  causes 
a  greater  flow  of  current  in  the  series  field  since  the  field  re- 
sistance is  fixed.  In  general,  to  increase  the  voltage  by  the 
shunt  adjustment  with  German  silver,  connect  to  the  taps 
which  connect  the  greatest  length  of  strips  in  circuit.  In 
cases  where  the  taps  do  not  give  the  desired  results  one  or  more 
strips  may  be  cut  out  to  increase  the  resistance.  To  decrease 
the  resistance  and  lower  the  compounding  effect  of  the  field, 
use  taps  which  shorten  length  of  the  resistance.     With  grid 
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shunts,  adding  grids  in  multiple  decreases  the  compounding 
and  reduces  the  voltage  while  removing  grids  has  just  the 
opposite  effect.  The  shunts  should  not  be  adjusted  while  the 
load  is  on  the  machines,  particularly  if  they  are  running  in 
multiple  with  other  units,  as  the  opening  of  the  shunt  circuit 
may  cause  a  sudden  rise  of  voltage  which  may  burn  out  lamps 
if  running  as  a  single  unit  or  cause  the  entire  load  to  come  on 
one  machine  if  running  in  multiple. 

3.  It  has  been  shown  above  that  the  speed  must  be  approxi- 
mately constant  and  the  units  must  be  compounded  by 
shunts  across  the  series  fields  to  give  practically  the  same  vol- 
tage regulation  to  insure  satisfactory  parallel  operation.  It  is 
also  necessary  that  the  resistances  of  the  circuits  from  the 
point  of  equalizer  connections  through  the  series  field  and  the 
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Fig.  47. — Sketch  showing  the  connections  for  operating  a  100  kilowatt  and 
a  200  kilowatt  generator  in  parallel. 


connecting  cables  to  the  common  bus  should  be  proportioned 
to  insure  a  proper  division  of  the  current  in  the  series  fields  of 
the  units  in  order  to  operate  satisfactorily  in  multiple.  Two 
machines  of  the  same  size  and  located  the  same  distance  from 
the  common  bus,  connected  by  the  same  cables,  would  operate 
in  multiple  without  trouble  assuming  that  conditions  (1)  and 
(2)  have  been  met.  On  the  other  hand,  with  one  unit  close 
to  the  bus  and  the  second  a  great  distance  away,  it  would  be 
necessary  to  place  larger  cables  in  the  line  of  the  second  unit, 
in  order  to  reduce  the  resistance.     This  can  also  be  accom- 
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plished  by  adding  a  line  resistance  in  the  short  leads  of  the 
first   unit  thereby  increasing    its    resistance. 

In  units  of  different  sizes  or  machines  of  different  types  or 
designs  where  there  is  an  appreciable  difference  in  the  resist- 
ances of  the  series  fields,  special  adjustments  to  equalize  the 
resistances  of  the  circuits  are  necessary  to  secure  a  satisfactory 
division  of  the  load.  For  example,  if  a  100-kilowatt  unit 
is  in  multiple  with  a  200-kilowatt  unit  as  shown  in  Figure 
47,  and  both  are  located  at  the  same  distances  from  a  common 
bus,  there  must  be  twice  the  resistance  in  the  circuit  from  A 
to  B  as  from  C  to  D.  This  is  usually  taken  care  of  by  the 
size  of  the  cables  but  the  use  of  the  resistance  is  necessary 
where  an  up-to-date  type  of  unit,  equipped  with  commutating 
poles  or  compensating  windings,  or  both,  is  placed  in  multiple 
with  an  old  unit. 

Parallel  Operation  of  Commutating-pole  Generators. — 
The  addition  of  commutating  poles  to  a  generator  changes 
its  characteristics  to  quite  a  large  extent  besides  improving 
commutation.  Due  to  the  neutralization  of  the  demagnetizing 
armature  reaction,  the  voltage  of  shunt-wound  generators 
with  commutating  poles  does  not  droop  as  rapidly  as  that  of 
non-commutating  pole  generators.  If  paralleled  with  one  of 
the  latter  generators,  the  commutating  pole  machine  would 
tend  to  take  more  than  its  share  of  the  load.  Due  to  this 
smaller  drop,  a  compound-wound  commutating-pole  generator 
requires  less  series  field  for  a  given  compounding;  in  some 
cases  one  turn  around  every  other  pole  is  more  than  enough. 
Such  a  compound  generator  would  probably  require  a  series 
resistance  to  make  it  share  the  load  proportionately  with  a 
non-commutating-pole  generator  having  more  turns  of  series 
field. 

Brushes  set  back  of  neutral  or  an  over  strong  commutating 
field,  will  often  give  a  shunt  generator  a  rising  instead  of  a 
drooping  voltage  curve.  The  commutating  field  then  tends  to 
have  a  compounding  effect,  due  to  the  commutating  field  flux. 

Referring  to  Figure  48,  if  the  brushes  are  set  on  neutral — 
on  the  commutator  bars  connected  to  the  armature  conductors 
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directly  under  the  middle  of  the  commutating  poles — the 
total  flux  being  cut  by  the  armature  conductors  between 
brushes  is  unchanged  by  the  commutating  poles.  One-half 
the  flux  of  any  south  commutating  pole  is  counter-balanced 
by  one-half  the  flux  of  the  next  north  commutating  pole, 
leaving  the  total  flux  between  brushes  that  of  the  main  field 
alone.  Shifting  the  brushes  forward  causes  the  commutating- 
pole  flux  between  brushes  to  subtract  from  the  main-field 
flux  while  shifting  backward  adds  to  the  total  flux. 


Fig.  48. 

The  brushes  may  easily  be  shifted  far  enough  so  that  the 
flux  will  increase  enough  as  the  load  increases  to  cause  a 
rising  voltage  characteristic  of  the  generator.  Too  strong 
an  interpole  requires  shifting  of  the  brushes  from  the  mechan- 
ical neutral  point  to  get  successful  commutation^  followed 
by  the  results  mentioned  before  for  brush  position  off  neutral. 
The  rising  characteristic  as  pointed  out  in  the  beginning  is 
fatal  to  stable  paralleling.  The  remedy  obviously  is  correct 
setting  of  the  brushes  on  neutral  and  adjustment  of  the  com- 
mutating-pole  shunt. 

The  resistance  is  inserted  in  the  line  of  the  new  generator 
to  equalize  the  drop  as  mentioned  above  since  the  new  type  of 
generator  has  a  relatively  light  series-field  of  few  turns  as 
compared  with  the  old  unit. 

The  above  discussion  may  be  summed  up  as  follows:  The 
resistances,  AB  and  CD  must  be  inversely  proportional  to 
the  full-load  amperes  of  the  generator  and  the  resistances 
may  be  proportioned  in  two  ways:  by  the  size  of  the  cables 
or  by  the  line  resistances. 
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EQUALIZERS 

When  an  equalizer  is  not  employed  unstable  parallel  opera- 
tion must  be  expected,  that  is,  the  load  will  shift  from  one 
machine  to  an  other  with  every  change  in  speed  or  in 
load.  The  unbalancing  under  such  conditions  frequently 
causes  the  voltage  of  one  unit  to  rise  to  a  point  due  to  over- 
compounding,  at  which  the  second  unit  will  take  power  from 
the  first  and  run  as  a  motor  instead  of  as  a  generator.  Where 
the  generators  are  direct  connected  or  belted  to  engines, 
this  motoring  must  be  guarded  against  since  the  series  field 
of  the  machine  operating  as  a  motor  will  buck  the  shunt  field, 
which  will  cause  the  speed  to  rise  to  a  point  where  the  engines 
may  be  damaged  or  wrecked. 

An  equalizer  bus  connected  as  shown  in  Figure  45,  prevents 
such  unstable  action  by  allowing  current  to  flow  through 
a  low-resistance  circuit  from  the  high-voltage  generator 
through  the  series  field  of  the  low-voltage  generator  and  in 
this  way  causes  the  voltage  of  the  low-voltage  generator  to 
rise  to  a  point  where  the  generator  will  again  take  its  share 
of  the  load. 

The  resistance  of  equalizer  busses  or  cables  should  be  very 
low  and  no  line  resistance  should  be  put  in  this  circuit  for 
equalizing  the  load.  Equalizer  leads  are  very  often  perma- 
nently connected  but  where  a  switch  is  used,  the  switch  should 
be  the  first  one  closed  where  the  generator  is  to  be  put  in 
multiple  with  a  unit  already  in  operation.  This  equalizer 
switch  should  be  the  last  switch  opened  where  the  generator 
is  disconnected  from  the  common  bus.  Do  not  connect  a 
circuit  breaker  in  the  equalizer  circuit. 

STARTING  AND  OPERATION  IN  PARALLEL  OF  TWO  OR  MORE 
GENERATORS 

First,  assuming  that  one  generator  is  operating  on  the 
system  or  bus  and  the  load  requires  additional  capacity,  the 
second  unit  may  be  started  as  given  in  the  instructions  under 
starting.     When  the  prime  mover  is  up  to  speed  and  ready  to 
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take  load,  close  the  equalizer  switch  if  the  equalizer  is  not 
permanently  connected.  Then  close  the  shunt  field  switch, 
adjust  the  voltage  by  use  of  the  field  rheostat  until  the  voltage 
of  the  second  unit  is  equal  to  that  of  the  first.  Close  the 
circuit  breaker  if  one  is  provided,  then  the  main-line  switch 
and  adjust  the  load  between  the  two  generators  by  means  of 
the  field  rheostat.  As  the  second  generator  fields  begin  to 
warm  up,  the  load  will  drop  due  to  a  weakening  of  the  field 
and  it  will  be  necessary  to  adjust  the  load  with  the  rheostat 
until  the  field  temperature  has  become  constant. 

When  starting  the  second  unit,  it  is  important  that  the  gen- 
erator builds  up  with  the  polarity  (+  or  — )  in  the  right  direc- 
tion so  as  to  connect  positive  to  positive  or  negative  to  negative 
when  the  line  switch  is  closed.  A  connection  of  negative  to 
positive  would  throw  the  two  units  in  series  and  build  up  a 
heavy  voltage  and  current  in  the  circuit  through  the  two 
machines.  This?  may  be  prevented  by  connecting  the  equal- 
izer bus  permanently  or  by  closing  the  equalizer  switch  first 
when  ready  to  start.  Connecting  the  shunt  field  terminals 
to  the  common  bus  instead  of  to  the  brushes  will  also  guard 
against  reversed  polarity. 

Fields  of  generators  operating  in  multiple  should  not  be 
opened  until  the  line  switches  are  opened  as  the  opening  of  the 
shunt  field  on  any  one  generator  will  cause  that  machine  to 
lose  its  voltage  and  the  machine  will  become  a  motor  and  run 
away  or  the  armature  will  become  a  short-circuit  on  the 
system  and  the  other  generators  will  be  damaged  by  flashing 
or  serious  overheating. 

To  shut  down  a  generator  operating  in  multiple  with  others, 
reduce  the  load  by  use  of  the  field  rheostat  then  open  field 
and  equalizer,  lastly  shut  down  the  prime  mover. 

MULTIPLE  OPERATION  OF  THREE-WIRE  GENERATORS 

Three-wire  generators  may  be  operated  in  multiple  with  each 
other  by  using  two  equalizers  one  on  each  side  of  the  armature, 
positive  and  negative,  see  Figure  49.  If  3-wire  generators 
are  operated  in  parallel  with  2-wire  machines  it  is  necessary 
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to  split  the  series  fields  of  the  2- wire  generators  to  permit 
the  use  of  two  equalizers.  One  half  of  the  series  field  is  placed 
on  the  positive  side  and  the  other  half  on  the  negative  side  as 
shown  in  Figure  50. 
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Fig.  49. — Sketch  showing  the  connections  for  the  parallel  operation  of  two 
three-wire  generators. 

Three-wire  generators  may  also  be  operated  in  multiple 
with  an  Edison  3-wire  system  by  placing  the  series  fields 
of  all  generators  as  shown  in  Figure  51,  It  should  be  noted 
that  in  this  case  the  series  fields  are  on  the  positive  side  of  one 


Fig.  50. — Sketch    showing  the  connections  for  operating  a  two-wire  and  a 
three-wire  generator  in  parallel. 

generator  and  on  the  negative  of  the  other,  not  both  positive 
or  both  negative. 

Three-wire  generators  have  two  shunts,  one  on  each  half 
of  the  series  field  and  both  should  be  changed  to  adjust  for 
compounding  for  satisfactory  operation. 
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In  Edison  3-wire  systems  both  armatures  are  brought 
up  to  speed  and  the  combined  voltage  of  the  two  in  series 
should  be  equal  to  the  voltage  of  the  system  before  the  line 
switches  are  closed.     In  other  words,  treat  the  two  armatures 


Fig.  51. — Sketch  showing  the  connections  for  operating  a  three-wire  generator 
in  parallel  with  two,  two-wire  generators  operating  in  series. 

as  one  machine  with  respect  to  the  voltage,  when  connecting 
them  together  electrically  for  parallel  operation. 


SERIES  OPERATION 

Generators  whether  shunt  or  compound  wound  may  be 
operated  in  series  to  produce  higher  voltages.  Equalizers 
must  be  disconnected  and  the  positive  side  of  the  first  must  be 
connected  to  the  negative  side  of  the  second  as  illustrated 
in  Figure  52. 

Attention  is  called  to  the  danger  of  putting  two  or  more  gen- 
erators in  series  unless  the  insulation  is  designed  to  withstand 
double  or  more  voltage,  as  the  generator  on  the  high  or  positive 
side  must  stand  double  voltage  or  more  to  the  ground  and  the 
creepage  surfaces  may  not  be  sufficient  to  withstand  this  high 
voltage.  To  avoid  high  voltage  to  the  ground,  it  is  often  found 
desirable  to  place  the  ground  connection  between  the  two 
armatures  at  A,  with  the  result  that  while  double  voltage  is 
generated,  the  voltage  to  the  ground  remains  at  the  original 
value.  This  connection  is  not  possible  of  course  on  a  circuit 
which  is  negatively  grounded  such  as  is  common  in  railway 
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practice.  Figure  53  shows  two  generators  connected  in 
series  with  two  grounds  resulting  in  a  short-circuit  on  the  first 
unit. 
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Fig.  52. — Sketch   showing   two   compound   wound   generators   connected   in 
series  with  a  ground  between  at  A. 
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Fig.  63. — Sketch   showing   two   series   generators   operating  in   series   with 
two  ground  connections. 


When  operating  in  series,  care  should  be  exercised  to  keep 
the  voltages  on  each  of  the  two  generators  approximately 
one-half  of  the  total  voltage  to  prevent  overheating  of  the 
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shunt  fields  of  one  unit  which  would  occur  if  the  entire  voltage 
was  generated  in  one  armature. 

Both  machines  should  be  started  and  brought  up  to  voltage 
(each  approximately  one-half  of  the  required  Une  voltage) 
after  which  the  circuit  breaker  and  the  line  switches  may  be 
closed.  This  arrangement  should  not  be  confused  with  two 
generators  in  series  as  in  the  Edison  3-wire  system  as 
mentioned  under  "Parallel  Operation."  In  the  latter  case  an 
equalizer  bus  is  used  with  two  generators  in  series  operating 
in  parallel  with  a  3-wire  system  as  shown  in  Figure  51. 
Note  that  the  equalizer  connection  in  this  case  does  not  in  any 
way  connect  the  series  fields  of  the  two  generators  running 
in  series  as  a  unit  but  does  connect  the  series  fields  of  the 
generators  connected  in  multiple  with  the  two  in  series,  as  a 
unit.  An  examination  of  Figure  51  will  show  clearly  the  two 
connections. 

OPERATION  OF  THE  GENERATOR  AS  A  MOTOR 

Generators,  whether  shunt  or  compound  wound,  may  be 
operated  as  motors  by  supplying  power  to  the  terminals. 
A  starting  resistance  is  required  as  described  in  the  chapter 
covering  motors. 

Shunt-wound  generators  require  no  change  in  connections 
to  operate  them  as  motors  unless  the  rotation  is  to  be  changed, 
which  can  be  done  by  reversing  the  shunt  fields.  The  speed 
may  be  varied  by  use  of  the  shunt  field  rheostat. 

Compound  Generators. — Compound  generators  may  be 
operated  as  motors  by  reversing  the  series  field  terminals  so  as 
to  change  the  direction  of  current  in  this  field.  If  this  is  not 
done,  the  motor  will  have  a  rising  speed  curve  as  the  series 
winding  will  weaken  the  field  when  the  load  comes  on.  Where 
generators  are  heavily  overcompounded,  the  speed  may  be  so 
low  at  full  load  as  to  require  adjustment  of  the  series  field  to 
shunt  out  more  current  and  reduce  the  strength  of  the  series 
winding.  This  may  be  done  by  the  use  of  taps  or  by  changes  . 
in  grids  as  described  previously  for  compounding  adjustment. 
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It  is  well  to  keep  in  mind  that  as  the  fields  are  strengthened 
the  speed  is  lowered.  The  stronger  the  series  field  becomes 
the  greater  will  be  the  drop  in  speed  from  zero  to  full  load. 
The  series  field  may  be  cut  out  entirely  or  short-circuited 
without  danger  and  the  generator  will  then  operate  as  a  simple 
shunt-wound  motor. 

Generators  equipped  with  commutating  poles  require  no 
shifting  of  brushes  when  changing  from  generator  to  motor 
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Fig.  54. — Diagram  of  connections  of  three  single  pole,  double  throw 
switches  for  operating  a  direct  current  machine  either  as  an  accumulative 
compound  wound  generator,  a  shunt  generator  or  an  accumulative  compound 
wound  motor. 


operation.  When  the  machines  are  not  equipped  with  com- 
mutating poles,  the  brushes,  when  operating  as  a  generator 
should  be  shifted  ahead  of  the  neutral  in  the  direction  of  rota- 
tion. When  operating  as  a  motor  with  the  same  direction  of 
rotation,  it  will  be  necessary  to  shift  the  brushes  back  or  oppo- 
site to  the  direction  of  rotation. 
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It  is  not  necessary  to  change  the  connections  to  the  commu- 
tating  field  since  the  correct  relation  is  estabUshed  automati- 
cally by  the  current  in  the  armature  being  reversed  when  the 
power  is  taken  into  the  machine  instead  of  flowing  out  from  it. 

Three-wire  generators  may  be  operated  as  motors  by  revers- 
ing both  halves  of  the  series  field  and  opening  the  connection 
to  the  neutral.  The  compensator  may  be  left  in  the  circuit 
without  danger  but  the  brushes  on  the  collector  rings  should 
be  raised  and  the  3-wire  features  entirely  cut  out  for  most 
efficient  operation.  (Use  the  outside  wire  voltage  for  driving 
the  motor:  not  the  neutral  voltage). 

In  units  of  larger  sizes  which  are  motor  driven,  reversing 
switches  as  shown  in  Figure  54  are  mounted  directly  on  the 
frame  of  the  unit.  When  such  a  combination  is  furnished, 
the  adjustment  for  speed  is  made  by  cutting  in  a  second  shunt 
in  multiple  with  the  compounding  shunt  as  shown  in  the 
figure.  This  combination  of  switches  also  permits  shunt 
operation  by  short  circuiting  the  series  field  with  a  copper 
strap  when  one. main  switch  is  up  and  the  other  down. 

STARTING  AND  OPERATION  OF  SERIES  GENERATORS 

Series  generators  should  be  subjected  to  the  same  general 
inspection  as  covered  for  the  other  types.  They  are  never 
operated  in  multiple  but  always  in  series  if  the  conditions 
require  a  combination  of  units.  When  series  generators  are 
used  on  systems  where  a  constant  voltage  is  supplied,  speed- 
limiting  devices  set  to  open  the  circuit  must  be  supplied  if  the 
mechanical  power  supply  is  such  that  it  may  fail,  as  a  series 
generator  will  operate  as  a  motor  and  if  not  loaded,  will  race 
and  wreck  itself  by  overspeed. 

Voltage  regulation  is  obtained  by  a  shunt  across  the  series 
field  winding  or  taps  on  the  winding. 

To  start,  bring  the  generator  up  to  speed  and  close  the  cir- 
cuit breaker  and  line  switch. 

To  stop,  open  the  circuit  breaker  and  line  switch  and  then- 
shut  down  the  prime  mover. 
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OPERATION  AS  A  MOTOR 

A  series  generator  may  be  operated  as  a  motor  by  supplying 
power  to  its  terminals.  The  direction  of  rotation  can  be 
reversed  by  changing  either  the  armature  or  field  terminals 
but  not  both.  Never  connect  it  to  a  load  which  can  be  lost 
or  dropped  on  account  of  the  danger  of  overspeeding  given  in 
the  above  paragraph.  A  starting  box  is  necessary  for  motor 
operation  and  speed  control. 


CHAPTER  VI 

DIRECT-CURRENT  SWITCHBOARDS 

Shipment  and  Unpacking — Installation — Foundation 
— Assembly — Connections — Protection  for  Opera- 
tor— Operation — Illumination — Directions  when 
Ordering 

INSTALLATION  AND  OPERATION 

The  conditions  of  service  and  the  types  of  switchboards  are 
so  varied  that  it  would  be  impossible  to  draw  up  instructions 
to  meet  each  specific  case.  The  following  instructions,  how- 
ever, may  be  said  to  cover  generally  some  of  the  more  impor- 
tant points  in  switchboard  installation  and  operation. 

SHIPMENT  AND  UNPACKING 

Switchboards  are  packed  for  shipment  with  great  care  and 
it  is  essential  to  exercise  the  same  care  in  unpacking  that  noth- 
ing may  be  broken  or  marred,  and  that  no  screws,  bolts,  or 
other  parts  may  be  left  in  the  packing. 

After  the  parts  have  been  unpacked,  they  should  be  looked 
over  carefully  to  see  that  no  foreign  material  has  lodged  in  the 
crevices  of  the  apparatus  and  that  parts  are  in  no  way  injured. 
Such  parts  as  will  not  be  required  immediately  should  be  put 
away  in  an  orderly  manner  and  in  a  dry  place. 

INSTALLATION 

Ample  space  must  be  provided  in  front  and  back  of  the 
switchboard  so  that  there  will  be  plenty  of  room  and  the  switch- 
board will  not  be  crowded.  Allowances  should  be  provided 
so  that  further  extensions  may  be  made  to  the  switchboard 
proper  and  to  the  wiring. 

Electrically  operated  switches  will  not  necessarily  be  placed 
near  the  controlling  board  but  should  usually  be  placed  with 

95 


96 


D.  C.  MOTOR  AND  GENERATOR  TROUBLES 


regard  to  convenience  of  connections  and  safety  from  fire  and 
in  handling. 

Rheostats  should  be  so  located  that  proper  ventilation  is 
seemed.  When  this  is  impossible,  special  means  for  venti- 
lating must  be  provided. 


Fig.  53. —  A  standard  direct  current  switchboard  (front  view). 

Foundation. — The  switchboard  should  stand  on  a  level 
foundation  made  of  hard  wood  or  channel  iron.  The  sill 
must  be  heavy  enough  so  that  the  panels  will  not  be  thrown 
out  of  line  by  settling.  Standard  six  inch  channels,  or  hard 
wood  sills,  seven  by  twelve  inches  should  be  used. 

Assembly. — The  first  thing  to  be  done  is  to  set  up  the  sup- 
porting framework,  preferably  for  the  first  three  or  four 
panels.     The  first  two  panels  should  then  be  placed  in  position 
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and  bolted  loosely  to  the  supporting  irons.  The  reason  for 
bolting  loosely  at  first  is  to  avoid  cracking  the  marble  or  slate 
when  lining  up  the  panels,  as  these  materials  have  no  flexibility 
and  are  comparatively  brittle.     With  all  panel  bolts,  either 


Fig.  56. — A    standard    direct    current    switchboard    showing    connections 

(rear  view). 

paper  or  fibre  washers  should  be  used  between  the  panel  and 
the  iron  work.  The  panels  should  then  be  carefully  leveled 
and  when  in  correct  alignment,  the  panel  bolts  should  be  se- 
curely tightened.  Proceed  similarly  with  the  other  panels, 
always  having  the  supporting  framework  for  one  or  two  panels' 
in  place  and  lined  up  ahead  of  the  panels  which  are  being  placed 
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in  position,  until  all  panels  are  in  place.  When  pipe  framework 
is  to  be  grounded,  all  joints  between  pipes  should  be  scraped 
clean  of  paint  and  dirt  before  assembling.  The  different 
devices  which  have  been  shipped  separately  should  then  be 
placed  on  their  respective  panels, 

CONNECTIONS 

The  connections  should  be  assembled  on  the  back  of  the 
panels,  consulting  the  switchboard  drawing  to  see  that  every- 
thing is  in  its  proper  place.  Carefully  read  and  follow  the 
instructions  sent  with  the  different  devices.  All  wiring  should 
be  done  in  a  neat  and  safe  manner.  Special  attention  should 
be  given  to  the  joints,  whether  bolted  joints  of  copper  bars  or 
soldered  or  clamped  joints  of  wires  or  cables.  All  parts  that 
are  to  form  joints  should  be  perfectly  clean,  bright,  and  free 
from  burrs.  Nuts  on  current-carrying  studs  should  be  securely 
screwed  against  the  connection  bars  or  terminal  lugs  in  order 
to  give  as  good  contact  as  possible.  All  bus  bars  and  bare 
copper  conductors  should  be  thoroughly  cleaned  with  sand- 
paper and  oil  and  given  a  coat  of  transparent  lacquer  to  pre- 
vent the  copper  from  tarnishing  and  to  preserve  a  neat  and 
bright  appearance.  This  should  be  done  after  all  joints  are 
made  up. 

Spacings  and  Sizes  of  Wires. — The  following  table  gives  the 
clearances  for  live  conductors  in  switchboard  construction: 


Cleara 

nee  to  ground  in  inches 

Clearance  between  opposite 
polarity  in  inches 

Voltage 

of 
circuit 

In  air 

On  surface* 

In  air 

On  surface' 

Recom- 
mended 

Mini- 
mum 

Recom- 
mended 

Mini- 
mum 

Recom- 
mended 

Mini- 
mum 

Recom- 
mended 

Mini- 
mum 

125 

H 

H 

m 

H 

H 

M 

1 

H 

250 

1 

H 

m 

1 

1 

H 

m 

1 

600 

m 

1 

2 

m 

m 

1 

2 

m 

1200 

2 

IM 

2M 

2 

2 

IH 

2}i 

2 

2400 

2y2 

2 

2>^ 

2M 

2 

... 

2M 

'  For  slate  up  to  1500  volts,  marble  and  soapstone  only. 
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INSULATION 

To  prevent  the  weakening  of  the  insulation,  avoid  as  much 
as  possible,  sharp  turns,  corners,  and  edges.  The  radius  of 
bend  for  rubber-covered  varnished  cambric  or  lead-covered 
cable  should  never  be  less  than  six  times  the  outside  diameter 
of  the  cable.  With  small  braided  conductors,  the  radius  of 
bend  may  be  five  times  the  outside  diameter  of  the  cable. 

All  cable  and  wire  joints  should  be  safely  insulated. 

When  conductors  are  carried  in  compartments,  or  high 
enough  above  the  station  floor  to  preclude  the  danger  of  acci- 
dental touch  or  contact,  they  may  be  bare,  relying  on  safe 
distances  and  suitable  insulators. 

The  busses  are  an  important  part  of  the  installation,  carrying 
the  whole  energy  of  the  plant  in  a  confined  space,  thus  making 
it  essential  to  use  extreme  care,  both  in  selecting  the  proper 
materials  for  construction  and  in  the  quality  of  the  workman- 
ship. When  building  bus  compartments,  arrangements  should 
be  made  so  that  the  joints  are  accessible  for  inspection  and  such 
other  work  as  may  be  necessary.  Connections  between 
switches  and  busses  are  practically  part  of  the  installation. 

Connections  to  Ground. — Panel  supports  should  ordinarily 
be  grounded  except  on  grounded  direct-current  systems  of 
750  volts  or  less,  where  only  the  insulated  polarity  is  brought 
to  the  panel.  If  such  direct-current  panels  are  installed  in  one 
board,  together  with  alternating-current  panels  above  600 
volts  with  oil  circuit  breakers  mounted  on  panel  or  on  panel 
pipes,  all  panel  supporting  pipes  should  be  grounded. 

Switchboard  devices  for  operating  at  150  volts  and  above 
to  ground,  should  have  their  exposed  bare  metal  parts,  which 
are  insulated  from  the  current-carrying  parts,  permanently 
grounded  unless  isolated  by  elevation  or  protected  by  suitable 
permanent  insulating  barriers  or  guards.  This  rule  covers, 
for  example,  transformer  casings,  operating  mechanisms  for 
switches,  oil  circuit  breakers,  air  circuit  breakers,  rheostats, 
compensators,  etc.  Air  circuit  breakers  above  300  volts, 
the  frames  of  which  are  not  insulated  from  the  current- 
carrying  parts,  should  always  be  isolated  by  elevation. 
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One  common  ground  bus,  not  less  than  No.  4  B.  &  S.,  should 
be  run  across  the  back  of  the  switchboard,  to  which  apparatus 
mounted  on  the  switchboard  intended  for  grounding  should  be 
connected.  The  switchboard  pipe  framework,  except  when 
insulated,  should  be  connected  to  this  ground  bus,  one  connec- 
tion being  made  for  every  three  pipe  joints  in  series. 

Oroond  Defechr  Lamps 
Fuse\ 


Feeder  Circuif'S 


^3er/e5  Field 


Fig.  57. — A  wiring  diagram  showing  the  connections  on  the  standard  switch- 
board illustrated  in  Figs.  55  and  56. 

Steel  work  supporting  high  potential  switching  equipment 
should  be  carefully  grounded  at  several  points  so  as  to  prevent 
the  possibility  of  high  voltage  occurring  between  sections  of 
the  steel  work.  No  ground  connection  for  this  service  should 
be  of  less  than  No.  6  B.  &  S.  flexible  cable. 


PROTECTION  FOR  OPERATOR 

Where  live  parts  having  a  potential  over  300  volts  to  ground 
are  not  otherwise  grounded,  suitable  insulating  floors,  mats, 
or  platforms  providing  good  footing  should  be  properly  placed 
so  that  the  operator  cannot  readily  touch  the  live  parts  unless 
standing  on  such  floors,  mats,  or  platforms. 

Before  working  on  switchboards,  and  especially  on  those 
rated  at  1000  volts  and  above,  it  is  strongly  recommended  that 
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all  live  parts  be  made  "dead"  and  furthermore,  that  they  be 
connected  to  ground. 

OPERATION 

Before  putting  the  switchboard  into  service,  all  connections 
to  instruments,  meters,  relays,  etc.,  should  be  carefully  traced 
and  checked  with  the  drawings.  A  preliminary  trial  should 
then  be  made  to  see  that  instruments,  watthour  meters,  etc., 
read  or  record  in  the  proper  direction.  In  fact,  before  putting 
a  switchboard  into  actual  service,  it  is  advisable  to  put  current 
through  all  parts  at  reduced  voltage  in  order  to  bring  out  any 
weak  spots. 

When  first  putting  the  switchboard  into  actual  service, 
every  detail  should  be  closely  watched  and  anything  out  of 
the  ordinary  should  be  carefully  noted  and  investigated.  The 
switchboard  should  be  subjected  to  periodical  inspections  of 
all  parts.  Attention  should  be  given  to  the  joints  in  cables, 
busses,  connection  bars,  current-carrying  studs,  and  to  tem- 
perature rise,  insulation,  cleanliness,  etc. 

In  making  an  inspection  or  repairing  work  near  live  parts, 
special  care  should  be  exercised  to  avoid  accidentally  short- 
circuiting  or  grounding  any  of  the  connections.  The  following 
instructions  cover  only  in  a  general  way  the  routine  to  follow, 
as  it  is  obvious  that  details  given,  for  instance,  for  a  direct- 
current  railway  power  plant  would  not  apply  to  a  high-voltage, 
alternating-current  power  plant.  The  operator,  however,  is 
urged  to  familiarize  himself  with  these  details. 

1.  Before  each  starting  of  the  plant,  be  sure  that  all  switches 
and  circuit  breakers  involved  are  open  and  that  no  other  device  is 
in  such  condition  as  to  cause  trouble  when  throwing  voltage  on  the 
panels. 

2.  After  everything  is  adjusted  and  running,  take  frequent 
readings  of  instruments  to  see  that  no  device  is  overloaded  to  a 
dangerous  point.  This  applies  to  conductors  as  well  as  to  switches 
and  instruments. 

3.  Make  occasional  but  regular  tests  of  instruments  and  meters 
to  locate  any  inaccuracies,  at  the  same  time  noting  any  parts  which 
may  need  adjusting  or  repairing. 


102  D.  C.  MOTOR  AND  GENERATOR  TROUBLES 

4.  Regularly  inspect  switches,  circuit  breakers,  and  relays  to  see 
that  contacts  are  in  good  condition  and  that  there  is  no  sticking. 

5.  When  circuit  breakers  or  switches  wath  carbon  or  other  second- 
ary contacts  are  furnished,  see  that  the  secondary  contacts  are  in 
good  shape  and  properly  adjusted  so  that  they  will  take  the  final 
break  of  the  arc  and  prevent  arcing  at  the  main  contact.  See  also 
that  there  is  sufficient  contact  between  the  main  brush  and  the 
contact  block. 

6.  Regularly  inspect  the  back  of  panels  and  keep  all  joints  in 
perfect  condition. 

7.  Regularly  clean  the  switchboard,  especially  in  buildings  where 
there  are  inflammable  particles  flying  around.  In  cleaning  the 
back  of  a  board,  compressed  air  applied  through  a  flexible  hose  and 
nozzle  is  the  simplest  and  safest  method.  If  this  equipment  is  not 
available,  a  hand  bellows  may  be  used.  Wiping  is  not  recommended 
back  of  the  board,  although  this  method  of  cleaning  may  be  em- 
ployed on  instruments  on  the  front  of  the  board  when  they  are  not 
directly  connected  to  high-tension  circuits. 

8.  To  renew  the  finish  of  dull  black  marine  slate,  black  marine 
slate,  and  marble  panels,  soap  and  cold  water  should  be  appUed 
with  a  soft  cloth.  A  marble  panel  may  also  be  brightened  by  rub- 
bing with  a  cloth  dipped  in  gasolene.  Natural  black  slate  may  be 
restored  to  its  original  freshness  by  rubbing  with  a  soft  cloth  immersed 
in  good  engine  oil. 

9.  Knife  switches  in  series  with  circuit  breakers  of  the  carbon 
break  or  magnetic  blowout  type  should  be  closed  or  opened  after 
the  circuit  breakers  have  been  closed  or  opened.  When  closing 
the  switches,  it  is  well  to  turn  the  face  away  from  the  switchboard 
to  avoid  having  the  eyes  "flashed"  in  case  the  circuit  breaker  should 
open. 

ILLUMINATION 

Sufficient  illumination  should  be  provided  in  the  station, 
both  for  the  front  and  the  rear  of  the  switchboard  so  that  the 
switchboard  may  be  readily  operated  and  instruments  and 
meters  conveniently  read.  It  has  been  found  that  insufficient 
illumination,  and  a  badly  arranged  system  of  lighting  units 
are  responsible  for  considerable  eyestrain  and  subsequent 
fatigue  and  possible  accident.  The  illumination  should  be 
so  arranged  that  all  instruments  and  other  parts  which  are  to 
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be  kept  under  constant  supervision  are  easily  discernible 
without  glare  or  reflection.  Therefore  the  subject  of  proper 
illumination  should  be  given  careful  consideration. 


Fig.  58. — A  front  view  of  a  special  type  of  direct  current  switchboard. 

It  is  strongly  recommended  that  a  separate  emergency 
som'ce  of  illumination  from  storage  battery,  lanterns,  or  other 
suitable  source  be  kept  immediately  available. 

DIRECTIONS  WHEN  ORDERING 

1.  Order  panels,  accessories  and  extras  by  catalog  number. 

2.  Give  ratings  of  apparatus  and  feeders  to  be  controlled 
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and  anticipated  overloads  on  these.     For  3-wire  systems,  state 
if  neutral  is  to  be  grounded  or  not. 

3.  State  if  any  special  order  of  assembly  is  desired. 

4.  Advise  fully  regarding  the  space  available  for  installing 
the  switchboard  equipment  proper  and  for  rheostats  when  these 
are  driven  by  sprocket  wheel  and  chain  mechanisms.  Desig- 
nate the  location  desired  for  sprocket  wheel  and  chain-driven 
rheostats. 

Advice  regarding  available  space  should  peferably  be  given 
in  the  form  of  dimensioned  prints  and  sketches,  and  should 
include  data  as  to  the  thickness  and  construction  of  the  station 
floor. 

5.  Designate  the  size  of  cables  to  be  used,  and  if  these  are 
to  be  hemp  core  or  not. 


CHAPTER  VII 

TROUBLES  AND  THEIR  REMEDIES 

Commutation — Operation  of  Interpole  Direct-current 
Machines — Brush  Position  on  Non-commutatinq 
Pole  Machines — Commutation  Troubles  as  Caused 
BY  the  Brushes,  Commutator  and  Other  Parts — 
Armature — Field — Motor — Generator — Shaft  and 
Bearing  Troubles  and  Noise 

Peculiar  to  the  operation  of  every  direct-current  motor  or 
generator  are  certain  troubles,  which  although  they  may 
scarcely  be  considered  as  casualties,  often  present  a  baffling 
problem  to  the  operator.  In  many  cases  it  is  possible  to  pre- 
clude the  probability  of  trouble  by  systematic  inspection  and 
rigid  upkeep  but  with  the  best  of  operation  and  the  finest  of 
equipment,  there  is  always  the  possibility  of  its  occurrence. 
Where  the  failure  of  a  generator  will  mean  the  shut  down  of  a 
whole  system  or  the  stopping  of  a  motor  may  mean  the  inter- 
ruption or  cessation  of  an  important  process  with  costly 
results,  it  is  really  the  paramount  duty  of  the  operator  to  pre- 
clude all  probability  of  trouble  and  to  possess  a  complete 
knowledge  of  effective  remedies  in  its  advent.  Theory,  while 
a  valuable  asset,  alone  proves  a  slight  solace  when  the  opera- 
tion of  the  machine  is  faulty  or  it  has  completely  stopped  or 
refused  to  generate.  It  is  then  that  experience  and  a  practical 
knowledge  of  all  of  the  operating  conditions  will  aid  the  operator 
in  locating  and  combating  the  defective  condition. 

In  the  following  chapter,  no  reference  to  theory  will  be  made 
unless  it  is  necessary  for  a  clear  conception  of  the  trouble,  but 
instead,  the  symptoms,  causes  and  remedies  of  direct-current 
motor  and  generator  troubles  will  be  given.  The  natural 
course  of  events  provides  practically  all  operators  with  a 
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knowledge  of  and  resourcefulness  to  overcome  many  of  the 
minor  casualties  but  the  most  material  assistance  can  be 
gained  from  the  experiences  of  designers  and  manufacturers 
of  electrical  machinery,  who  in  the  regular  course  of  their 
duties  become  acquainted  with  every  possible  electrical  and 
mechanical  trouble  and  its  remedies.  The  greatest  of  all  of 
these  troubles  in  direct-current  work  is  faulty  commutation. 

COMMUTATION 

Commutation  may  be  defined  as  the  process  of  rectifying 
the  alternating  current  produced  in  the  armature  and  collecting 
and  distributing  it  to  the  external  circuits  as  direct-current 
power.  All  direct-current  armatures  generate  alternating 
current  in  their  windings  due  to  the  cutting  of  flux  alternately 
from  North  and  South  poles,  and  the  commutator  presents  a 
medium  for  the  changing  of  this  current  to  direct  current. 
Commutation  is  an  important  and  difficult  subject,  both  in 
theory  and  in  operation  and  a  thorough  knowledge  of  it  such 
as  can  be  obtained  from  any  standard  electrical  text-book  will 
prove  a  valuable  asset  to  any  operator.  Faulty  or  poor  com- 
mutation may  result  from  incorrect  design  but  even  when 
direct-current  machines  are  designed  with  liberal  commutating 
constants,  there  are  a  whole  host  of  commutation  troubles 
both  electrical  and  mechanical,  which  may  occur.  Brush 
and  commutator  troubles  present  the  greatest  sources  of  poor 
commutation  although  there  are  a  few  other  causes,  which  are 
described.  Of  these,  the  defects  in  brushes  or  brush  operation 
represent  the  most  serious  menace. 

Both  in  ma(*hines  not  fitted  with  commutating  poles  and 
those  of  commutating  pole  design,  the  position  of  the  brush 
upon  the  commutator  directly  affects  commutation,  since  for 
the  best  operation  the  brushes  should  always  be  upon  the 
electrical  neutral.  With  the  kind  permission  of  the  author, 
Mr.  Justin  Lebovici,  we  are  reprinting  two  articles  which 
appeared  in  the  Electrical  World  upon  "The  Operation  of 
Interpole  Direct-current  Machines,''   which  present  a  study 
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of  the  "Location  of  the  Correct  Neutral  Position  for  Brushes, " 
and  "An  Analysis  of  Best  Commutation."  Parallel  informa- 
tion on  non-commutating  pole  machines  directly  follows  these 
articles. 

OPERATION    OF    INTERPOLE    DIRECT-CURRENT    MACHINES 

Methods  for  Making  Adjustments  in  Use  on  Manufac- 
turers' Test  Floors — Location  of  Correct  Neutral 
Position  for  Brushes 

Different  methods  for  making  the  necessary  adjustments  of 
interpolar  machinery  to  obtain  the  best  results  from  its  opera- 
tion have  been  published  from  time  to  time.  The  methods  in 
common  use  and  employed  on  manufacturers'  test  floors, 
however,  are  not  well  known  to  the  average  operator.  Since 
the  inter  pole  machine  is  usually  adjusted  for  best  performance 
in  the  factory  test  and  these  adjustments  may  be  disturbed 
during  shipment  and  are,  of  necessity,  disturbed  when  repairs 
are  undertaken,  it  is  important  that  proper  methods  be  used 
in  all  adjustments 

The  interpole  design  was  originally  used  as  an  antidote 
for  certain  commutation  troubles,  but  has  later  been  taken 
advantage  of  to  obtain  a  greater  output  from  a  given  amount 
of  material  through  removing  the  limitations  imposed  on  the 
design  by  commutation  and  thus  making  heating  the  only 
obstacle  to  larger  outputs.  By  improving  the  methods  of 
ventilation  the  burden  imposed  on  the  interpole  grew  and  new 
problems  came  up  in  interpole  machines  which  were  of  sec- 
ondary importance  only  in  non-interpole  machines.  Thus  a 
slight  shift  of  the  brushes  from  the  position  of  best  operation 
in  a  non-interpole  machine  has  little  effect  on  the  performance. 
In  an  interpole  machine,  on  the  contrary,  a  slight  shift  from 
the  neutral  position  will  produce  a  surprising  cumulative 
or  differential  compound  effect. 

The  explanation  of  this  phenomenon  can  be  easily  followed 
by  means  of  the  accompanying  diagrams.  Figure  59  shows  the. 
distribution  of  currents  and  emfs.  in  a  generator  running  right- 
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handed  or  a  motor  running  left-handed.  The  interpoles 
induce  in  a  generator  the  additional  emfs.  1,  2,  3,  4,  and  1', 
2',  3^  4',  having  the  direction  shown.  For  circuit  ATB  the 
emfs.  1  and  2  are  cancelled  by  emfs.  1'  and  2^  For  the  circuit 
ALB  the  emfs.  3  and  4  are  cancelled  by  emfs.  3'  and  4'.  In 
consequence  for  the  brushes  in  the  neutral  position,  the 
voltage  between  the  brushes  AB  is  not  influenced  by  the 
presence  of  the  interpole. 

The  diagram  in  Figure  60  represents  the  same  machine  as 
Figure  59,  with  the  brushes  shifted  from  the  neutral  position 
forward  for  the  case  of  a  generator,  backward  for  that  of  a 
motor. 


Fio.  59.  FiQ.  60.  Fig.  61. 

Figs.  59  to  61. —  Diagrams  showing  effect  of  shifting  brushes  of 
interpole  generator  and  motor. 


The  emfs.  1',  2',  3'  and  4'  generated  by  rotation  in  the  inter- 
pole flux  are  opposing  the  emfs.  in  circuit  ATB  generated  by 
rotation  in  the  main  flux.  Similarly  emfs.  1,  2,  3  and  4  oppose 
the  emfs.  in  circuit  ALB.  Consequently  the  potential  between 
the  brushes  AB  is  reduced,  owing  to  the  presence  of  the  inter- 
pole. Or  less  voltage  will  be  generated  if  the  machine  is  a 
generator,  owing  to  differential  compound  action.  If  the 
machine  is  a  motor,  1",  2",  3",  4"— 1'",  2'",  3'",  4'"  are  the 
emfs.  due  to  the  interpole.  They  reduce  the  counter  emf. 
between  AB,  and  the  motor  will  move  faster  than  with  the 
brushes  at  neutral  (differential  compound  action),  because 
the  counter  emf.  is  reduced  while  the  applied  emf.  remains 
the  same.  If  the  interpole  flux  is  strong  as  compared  to  the 
main  flux,  the  variation  in  speed  between  light  load  (interpole 
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flux  negligible)  and  heavy  load  may  be  quite  marked,  and  the 
motor  may  become  unstable  or  "pump."  This  pumping 
may  be  explained  as  follows. 

Owing  to  the  shift  of  the  brushes  from  the  neutral  position 
against  the  direction  of  rotation  of  the  motor  the  counter- 
emf.  is  reduced  as  explained.  Since  the  applied  voltage  is 
the  same,  the  motor  must  speed  up  and  the  current  in  the 
armature  will  rise  at  the  same  time.  In  consequence,  the 
interpole  is  strengthened  and  the  counter-emf.  still  further 
reduced.  This  action  will  continue  until,  owing  to  the  satura- 
tion of  the  interpole  the  counter-emf.,  due  to  the  higher  speed 
of  the  armature,  starts  to  reduce  the  armature  current.  If  the 
inertia  of  the  armature  and  motor  load  is  great,  the  counter- 
emf.  may  rise  above  the  appUed  potential  and  the  armature 
will  work  as  a  brake.  The  action  is  again  reversed  and  a 
satisfactory  operation  becomes  impossible.  If  the  speed  drops 
too  much,  the  current  may  rise  excessively  and  short-circuit 
phenomena  may  take  place. 

A  similar  action  takes  place  if  the  interpole  has  too  many 
turns,  as  will  be  explained  later  in  this  article.  Figure  61  is 
the  same  as  Figure  60,  except  that  the  brushes  are  shifted  back- 
ward for  a  generator,  forward  for  a  motor.  In  a  generator  the 
emfs.  1,  2,  3,  4  are  adding  themselves  to  the  emfs.  in  the  circuit 
ATB  and  the  emfs.  1',  2',  3',  4'  are  adding  up  to  the  emf. 
generated  by  rotation  in  the  circuit  ALB.  It  follows  that  the 
voltage  between  the  brushes  AB  is  increased  in  the  generator. 
The  speed  is  lowered  in  a  motor  when  the  brushes  are  shifted 
from  the  neutral  position  backward,  the  emfs.  1",  2",  3", 
4" — 1'",  2'",  3'",  4'"  increasing  the  counter-emf.  between 
AB  so  that  the  motor  has  to  run  slower  for  the  same  load 
current  (cumulative  compound  action). 

All  reversible  machines  have  to  run  with  the  brushes  set 
at  the  correct  neutral.  •  In  machines  having  only  one  direction 
of  rotation  advantage  can  be  taken,  if  commutation  allows, 
of  the  above  action  in  order  to  obtain  slight  compounding. 
In  all  cases,  whether  the  machines  work  with  the  brushes  at 
neutral  or  not,  the  finding  of  the  correct  neutral  position  of 
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the  brushes  as  a  starting  point  for  the  setting  of  the  brushes 
is  of  paramount  importance  in  all  interpolar  machines. 

As  a  rule,  the  location  of  the  correct  neutral  position  is 
undertaken  for  one  brush  only,  and  the  rocker  arm  is  then 
shifted  until  one  brush  center  coincides  with  this  line.  The 
other  brush  studs  will  be  in  the  right  position  provided  the 
machine  is  perfectly  symmetrical.  It  will  be  well,  then,  to 
check  the  symmetry  of  the  machine  before  determining  the 
neutral  position  for  one  brush.  It  is  assumed  that  the  arma- 
ture has  been  checked  and  found  free  from  short-circuits, 
grounds  or  open-circuited  coils;  that  the  shunt  and  series 
coils  are  expected  to  give  alternate  polarity,  and  that  no  series 
coil  is  opposing  a  shunt  coil  when  all  the  others  are  adding 
to  their  respective  shunt  coil.  The  variation  in  voltage-drop 
for  a  given  current  in  every  shunt  coil  does  not  exceed  10  per 
cent.,  and  the  air-gap  is  the  same  under  all  poles. 

It  will  further  be  necessary  to  check  the  distance  between 
adjacent  main-pole  tips  to  see  if  they  are  properly  spaced  all 
around  and  to  check  the  distance  between  main-pole  tip  and 
adjacent  interpole  tip  to  see  if  they  are  equal.  This  can  be 
easily  done  by  means  of  an  ordinary  pair  of  calipers. 

Brush  spacing  is  of  utmost  importance  and  usually  neglected. 
To  space  the  brushes  cut  a  strip  of  paper  to  the  length  of  the 
commutator  circumference.  Place  the  strip  around  the  com- 
mutator and  make  the  ends  touch  each  other.  Divide  off 
on  the  strip  of  paper  equal  divisions  corresponding  to  the 
number  of  main  poles  and  place  the  paper  on  the  commutator 
again,  making  the  brushes  of  each  stud  toe  the  mark.  If 
there  is  any  doubt  as  to  the  symmetry  of  the  machine,  it  will 
pay  to  obtain  the  no-load  field  curve  shown  in  Figure  4. 

METHODS  FOR  FINDING  NEUTRAL  POSITION 

The  following  methods  may  be  and  are  employed  in  finding 
the  neutral  position: 

1.  With  fields  excited,  the  machine  is  driven  as  generator 
without  any  load,  a  voltmeter  being  connected  between  a 
consecutive  positive  and  negative  brush.     The  rocker  arm  is 
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shift 0(1  until  the  inaxiniuin  voltafjo  is  jrad  on  the  voltnictcr. 
The  neutral  position  eoircsponds  to  the  position  of  maximum 
voltage.  Owing  to  the  fact  that  the  flux  tapers  off  between 
the  poles,  as  in  Figure  62,  hardly  any  difference  will  be  noticed  on 
the  voltmeter  when  the  brushes  are  shifted  from  the  position 
A  A  through  the  neutral  NN  to  the  position  BB. 

2.  The  same  objection  attaches  to  the  following  method: 
The  machine  is  run  free  as  a  motor,  the  rocker  arm  being 
shifted  and  the  speed  read  on  a  tachometer. 
The  position  of  minimum  speed  corresponds 
to  the  neutral  position.  Outside  of  the 
inaccuracy  of  a  high-voltage  voltmeter  or  fig.  62.— No-load 
a  tachometer,  there  is  the  danger  always    ^eid  curve  for  inter- 

,  ,  ,  ,        pole  machine. 

present    that    the    rocker    arm    may    be 

shifted  so  far  in  the  field  that  the  generator  will  flash  over  or 

the  rocker  arm  may  slip  and  the  motor  run  away, 

3.  Another  method  consists  in  running  the  machine  as  a 
motor  in  both  directions,  the  field  current  being  kept  constant 
until  the  speed  is  the  same  for  either  direction  of  rotation. 
Owing  to  the  fact  that  the  voltage  varies  between  the  different 
readings  and  that  many  trials  are  necessary,  this  method 
consumes  much  time.  When  this  method  is  used,  the  brushes 
ought  to  be  well  worn  in  with  but  little  play  in  the  brush- 
holder  box. 

4.  In  the  kick  method,  with  the  armature  stationary  and 
preferably  the  brushes  removed  from  the  cummutator,  the 
shunt  coils  are  opened  and  closed  in  quick  succession.  A 
millivoltmeter  is  connected  to  two  copper  points  which  are 
held  against  the  commutator,  the  points  being  one  pole  pitch 
(or  the  commutator  circumference  divided  by  the  number  of 
main  poles)  apart.  The  zero  reading  on  the  voltmeter  indi- 
cates the  neutral  position.  This  method  is  based  on  the  fact 
that  if  an  armature  is  placed  in  an  alternating  flux,  such  as  is 
shown  in  Figure  63,  for  instance,  then  the  emf  s.  due  to  the  pulsa- 
tion of  the  flux  N  are  adding  up  along  the  line  AA,  and  in  a 
line  BB  perpendicular  to  the  pole  axis  the  difference  in  poten- 
tial is  zero.     The  objection  to  this  method  is  that  because  of 
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the  slots  in  the  armature  the  reluctance  of  the  path  to  the 
flux  varies  with  the  position  of  the  armature  relative  to  the 
poles,  and  a  different  neutral  is  obtainable  by  turning  the 
armature  slightly. 

5.  The  following  method  obviates  this  last  objection: 
The  machine,  the  brushes  of  which  are  to  be  set  is  driven  as  a 
generator  by  means  of  an  auxiliary  motor,  the  fields  being 
excited.  The  brushes  are  preferably  all  lifted  from  the  com- 
mutator.    Two  contact  wires  VW,  separated  by  about  j^i  in., 


FiQ.  63.  Fig.  64. 

Figs.  63  and  64. — Diagrams  referred  to  in  methods  4  and  5  for 
finding  neutral  position. 


are  connected  to  a  millivoltmeter  and  applied  to  the  commuta- 
tor about  the  neutral  zone.  The  contacts  are  shifted  until 
the  millivoltmeter  reads  zero  (see  Figure  64). 

Between  the  points  VW  we  read  the  emf.  generated  by 
rotation  in  the  turns  lying  between  these  points.  This  emf. 
is  proportional  to  the  local  field  strength.  In  the  neutral 
zone  the  field  strength  is  zero,  hence  the  zero  indication  on 
the  voltmeter  gives  the  neutral  zone. 

If  it  is  not  practicable  to  lift  the  brushes,  the  neutral  position 
can  be  obtained  with  the  brushes  down  and  the  rocker  arm 
shifted  to  the  so-found  neutral.  After  this  is  done  a  new 
neutral  is  found.  The  actual  neutral  undisturbed  by  circulat- 
ing currents  under  the  brush,  due  to  wrong  brush  position, 
may  be  found  by  few  trials. 
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AN  ANALYSIS  OF  BEST  COMMUTATION  UNDER  THE  BRUSHES 
AND  A  STUDY  OF  THE  ACTION  OF  INTERPOLES  BY  BRUSH- 
POTENTIAL  CURVES 

The  shape  of  the  field  curve  in  the  neutral  zone  is  rather  flat, 
as  can  be  seen  from  Figure  65,  which  has  been  obtained  on  a 
four-pole  interpole  machine  having  an  equal  number  of  main 
poles  and  interpoles.  The  curves  have  been  taken  by  driving 
the  armature  in  a  clockwise  and  counter-clockwise  direction  of 
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Fia.  65. — Field  curve  for  four-pole  machine  having  equal  number 
of  main  poles  and  interpoles. 

rotation.  The  neutral  zone,  as  shown  by  the  millivoltmeter 
and  two  points  spaced  one-eighth  inch  apart,  is  not  the  same  for 
both  directions  of  rotation.  If  the  machine  under  considera- 
tion is  a  reversing  motor,  it  will  be  well  to  determine  the  neutral 
for  both  directions  by  methods  already  described  and  set  the 
brushes  between  the  two  neutrals  found  in  this  manner. 


DETERMINING  BEST  COMMUTATION  UNDER  BRUSHES 

Having  found  the  neutral  position,  the  next  step  is  to  deter- 
mine if  the  machine  commutates  with  a  minimum  loss  under 
the  brush,  this  being  the  best  commutation.    The  fact  that  a 
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new  machine  operates  without  sparking  at  the  brushes  does 
not  prove  that  the  commutation  is  the  best  possible,  for  it  is 
known  that  Uberally  proportioned  machines  can  operate  for 
several  weeks  without  sparking  or  blackening  at  the  commuta- 
tor, when,  gradually,  sparking  or  blackening  develops  with 
the  resultant  rapid  wear  of  brushes  and  commutator.  The 
large  speed  variation  between  no  load  and  full  load  and  pump- 
ing action  in  motors  may  also  be  due  to  wrong  proportions  of 
the  interpole  winding,  and  it  becomes  necessary  to  check 
whether  the  interpole  winding  and  interpole  circuit  are  pro- 
portioned to  give  best  operation.  A  short  review  of  the  com- 
mutation process  will  help  one  to  understand  better  the  method 
used  in  arriving  at  a  just  appreciation  of  the  points  that  have 
been  enumerated. 

Referring  to  Figures  66a  and  666,  assume  that  the  commuta- 
tion of  the  current  from  the  value  -fJ  to  —J  takes  place  in  a 
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Fig.  666. 
FiQ.  66  a  and  b. —  Distribution  of  current  in  commutator  bars  under  a  brush. 

resultant  field  of  zero  intensity,  and  that  the  resistance  of  the 
coil  i'  and  the  leads  to  the  commutator  is  negligible  compared 
with  the  contact  resistance  between  the  bars  and  the  brush. 
The  current  2J  will  distribute  itself  in  inverse  proportion  to 
the  resistances  between  the  bars  a  and  b  and  the  brush,  or  in 
proportion  to  the  areas  of  contact.  The  currents  i'a  and  i'b 
in  the  leads  to  bars  a  and  b,  being  proportional  to  the  surfaces 
of  contact,  it  follows  that  the  cm-rent  density  under  any  point 
of  the  brush  will  be  the  same.  Assuming  uniform  contact 
resistance  over  the  brush  surface,  the  drop  of  potential,  which 
is  proportional  for  any  point  under  the  brush  AB  to  current 
density  times  contact  resistance  per  square  unit,  will  be  the 
same. 
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If  a  millivoltmcicr  is  coimoctcd  then  to  two  contact  wires 
M,  N  (sec  Figure  67),  and  point  M  applied  to  the  brush  and 
point  N  successively  to  points  1  to  6  on  the  commutator,  as 
shown  in  Figure  67,  the  same  difference  of  potential  will  be 
read.  Plotting  these  readings  in  Figure  68,  we  obtain  for  a 
negative  brush  the  straight  line  xy.  The  drops  in  voltage  are 
for  a  negative  brush  positive  because  the  potential  of  the 
brush  is  higher  than  the  potential  of  the  commutator  copper. 

In  the  case  considered,  the  current  in  the  middle  coil 
Figure  66  dies  down  at  a  uniform  rate  from  the  value  +  J  to 
zero  value  at  a  point  corresponding  to  the  middle  of  the 
brush,  and  rises  then  to  the  value  —J  by  the  time  the  short- 
circuit  is  opened.  This  is  the  ideal  or  straight-line  reversal. 
The  experiment  described  can  be  performed  with  the  simplest 
means  and  under  the  most  adverse  test  conditions.  Its  find- 
ings give  a  very  valuable  indication  showing  the  performance 
at  the  commutator. 

The  curve  shown  in  Figure  68  corresponds  to  ideal  commuta- 
tion and  is  only  approximated  in  practice.  Commutation  in  a 
uniform  field,  void  of  magnetic  flux,  is  practically  impossible. 
The  armature  winding  tends  to  set  up  a  magnetic  field  when 
carrying  current  and  the  short-circuited  coil  carries  with  it  in 
space  a  magnetic  field  of  varying  magnitude  during  the  process 
of  commutation.  It  is  the  function  of  the  interpole  to  cancel 
these  fluxes  and  produce  a  commutating  zone  void  of  flux,  as 
explained  above. 

If  the  corrective  action  of  the  interpole  is  insuj05cient,  then 
the  coil  while  under  the  brush  tends  to  carry  current  in  the 
same  direction  as  before  its  terminals  were  short-circuited. 
The  current  i"  (double-arrowed  current  in  Figure  69)  adds 
itself  to  current  i'  (single  arrow  in  Figure  69)  and  increases  the 
current  in  the  lead  ia  and  the  current  density  under  the  brush 
tip  B.  It  decreases  the  current  in  the  lead  ib  and  the  brush 
density  at  the  brush  tip  A  (see  Figure  69) . 

Still  assuming  uniform  contact  resistance,  the  voltage  drop 
at  the  brush  tip  B  will  have  increased,  while  at  brush  A  it  will 
have  decreased.     The  drop  in  voltage  along  the  face  AB  oi  the 
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brush  taken  with  a  millivoltmeter,  as  described  in  Figure  67, 
will  be  lower  at  A  and  higher  at  B,  and  will  have  along  AB  the 
shape  shown  in  Figure  70.  The  difference  in  voltage  MN  sends 
a  circulating  cuirent  through  the  brush  which  is  limited  only 
by  contact  resistance  between  brush  and  commutator,  the 
resistance  of  the  leads  ia,  ib  and  the  resistance  of  the  coil. 
All  these  resistances  being  relatively  low,  a  very  heavy  cir- 
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Fig.  70. 

-Voltage  drop  for  negative  brush  during  commutation 
when  interpole  is  too  weak. 


culating  current  will  be  allowed  to  flow.  At  the  instant  the 
brush  leaves  the  bar  a  this  heavy  current  is  suddenly  inter- 
rupted. As  long  as  the  energy  consumed  in  the  opening 
spark  stays  below  certain  limits,  depending  upon  the  grade  of 
the  brush,  and  which,  according  to  recent  tests,  seems  to  be 
abx)ut  5  watts  per  centimeter  length  of  brush,  the  sparks  are 
small,  hardly  perceptible  and  not  very  destructive.  The  com- 
mutation shown  in  Figure  70  is  the  result  of  too  weak  an  inter- 
pole, and  it  is  said  that  the  machine  is  under-compensated. 
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Provided  the  section  of  the  interpole  proper  is  ample  and 
the  magnetic  circuit  of  the  interpole  is  not  saturated,  a  reduc- 
tion in  the  air-gap  under  the  interpole  by  addition  of  sheet- 
iron  shims  will  materially  help  to  improve  commutation. 
The  addition  of  more  turns  of  the  interpole  would  be  the  next 
step  toward  correcting  the  trouble.  If  the  magnetic  circuit  is 
saturated,  then  a  reduction  in  face  area  of  the  interpole,  by 
cutting  down  the  edges  in  a  tangential  direction,  will  bring 
relief  through  increasing  the  magnetic  induction  in  the  air- 
gap,  while  the  total  interpole  flux  continues  to  be  constant. 

STUDYING    ACTION    OF   INTERPOLE    BY    BRUSH-POTENTIAL 

CURVES 

The  conditions  just  described  are  very  much  accentuated 
if  the  interpole  is  reversed,  for  then  the  interpole  flux,  instead 
of  tending  to  produce  a  neutral  zone,  adds  its  flux  to  the  arma- 
ture reaction  flux  and  the  flux  of  the  short-circuited  coil. 
The  brush-potential  curve  shown  in  Figure  71  depicts  the  condi- 
tion under  the  brush  with  a  reversed  interpole  and  is  a  very 
good  indication  of  this  trouble.  In  taking  the  curve  the  milli- 
voltmeter  reverses  its  reading  while  we  move  the  contact 
point  along  the  brush  in  the  direction  of  rotation.  If  the 
interpole  flux  is  too  strong,  then  the  coil  while  under  the  brush 
tends  to  carry  current  in  the  direction  after  the  commutation 
has  been  completed.  This  action  is  shown  from  Figure  72, 
where  the  current  i'  (double  arrow)  produced  by  the  excess 
interpole  flux  is  increasing  the  current  density  under  the  bar 
h  or  leading  brush  tip  A,  and  decreasing  the  current  density 
under  bar  a  or  trailing  brush-tip  B.  For  a  negative  brush 
the  brush-potential  curve,  taken  as  explained  by  means  of 
Figure  67,  will  have  the  shape  shown  in  Figure  73.  This  action 
of  the  interpole  is  expressed  by  saying  that  the  machine  is  over- 
compensated.  If  the  machine  is  very  much  over-compensated, 
the  brush-potential  curve  will  take  the  form  shown  in  Figure 
74.  For  a  negative  brush  and  taking  the  readings  under  the 
brush  in  the  direction  of  rotation,  the  millivoltmeter  readings 
may  change  from  a  positive  value  to  a  negative  value. 
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It  is  a  matter  of  experience  that  a  slight  over-compensation 
is  helpful  in  obtaining  sparkless  commutation.  It  has  also 
been  observed  that  a  machine  can  stand  much  more  deviation 
from  compensation  for  constant-current  density  under  the 
brush  when  the  machine  is  over-compensated  than  when  the 
machine  is  under-compensated.  This- is  explained  by  the 
fact  that  with  under-compensation  the  current  density  is  in- 
creased at  the  leading  brush  tip  B  (see  Figure  69)  or  at  the  tip 
which  breaks  the  circuit  of  the  short-circuited  coil,  while  with 
over-compensation  the  current  density  is  lowered  at  the  lead- 
ing brush  tip  B  (see  Figure  72). 
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Fig.  71. 


Fig.  72. 
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Fig.  73.  Fig.  74. 

Figs.  71  to  74. — Brush-potential  curves,  showing  action  of  reversed 
interpole  and  over-compensation. 

Over-compensation  is  most  harmful  in  machines  working 
with  a  weak  main  field,  such  as  adjustable-speed  shunt  motors 
at  the  higher  speeds.  Referring  to  Figure  75,  which  represents 
the  case  of  motors  running  counter-clockwise,  we  find  the 
direction  of  current  generated  by  rotation  under  the  interpoles 
in  the  short-circuited  coil  &S>  by  means  of  the  Fleming  rule,  for 
instance.  Since  we  have  assumed  over-compensation,  this 
will  also  be  the  direction  of  the  resulting  current  in  the  short- 
circuited  coil  in  >S(S.  We  notice  that  the  coil  »S*S  tends  to  pro- 
duce a  flux  opposing  the  flux  at  the  main-pole  field  coil  FF. 
In  consequence  we  have,  when  the  load  is  thrown  on,  the  same 
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action  as  in  a  differential  compound  motor.  Figure  76  shows 
the  speed  of  the  motor  in  function  of  time  after  the  load  is 
thrown  on  the  motor,  in  case  the  conditions  of  the  magnetic 
circuit,  the  electric  circuit  and  the  load  are  such  as  to  damp  out 
the  first  increase  in  speed  due  to  the  action  of  the  short-cir- 
cuited coil.     If,  on  the  other  hand,  conditions  are  unfavorable. 
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Figs.  75  and  76. — Direction  of  current  in  short-circuited  coil  under 
interpole,  and  speed-time  curve  after  load  is  thrown  on. 
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Figs,  77  and  78. — Speed-time  curves  under  unfavorable  conditions, 
and  brush-potential  curve  for  wide  brush. 

the  original  impulse  is  strengthened  and  the  speed-time  curve 
takes  the  shape  shown  in  Figure  77,  the  motor  operation  becomes 
unstable,  and  the  machine  "pumps."  The  same  phenomena 
repeat  themselves  which  have  been  previously  described  in 
connection  with  a  backward  shift  of  the  brushes  from  the  true 
neutral  position.  The  danger  of  unstable  operation  is  in- 
creased the  weaker  the  main  field  and  the  greater  the  inertia  of 
the  armature  and  load  connected  to  same. 
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Further  conditions  affecting  instability  are : 

1.  Ratio  of  armature  ampere  turns  to  field  ampere  turns. 
Any  increase  in  this  ratio  will  increase  the  liability  to  pumping 
(or  hunting,  as  it  is  sometimes  called). 

2.  Saturation  of  main  magnetic  circuit.  The  lower  on  the 
saturation  curve  the  motor  works  the  greater  the  danger  of 
instability. 

3.  The  greater  the  ratio  of  self-induction  to  resistance 
(including  rheostat  resistance)  in  the  shunt  winding,  the  less 
danger  of  instability.  Hence  increasing  the  size  of  the  shunt- 
field  wire  without  changing  the  number  of  turns  will  reduce  the 
tendency  to  hunt. 

A  few  turns  of  compound  winding  will  effectively  oppose  the 
tendency  of  the  short-circuited  coil  to  weaken  the  main  pole. 
Many  interpole  motors  now  on  the  market  have  such  a  winding 
on  the  main  pole — this  winding  being  called  a  stabilizing  wind- 
ing. Short-circuited  sleeves  around  the  interpole  are  of  little 
value,  in  the  writer's  experience. 

All  motors  showing  a  rising-speed  characteristic  from  no 
load  to  full  load  at  any  speed  will  be  in  danger  of  being  unstable 
in  operation,  and  for  this  reason  it  should  be  required  from 
any  machine  working  with  field  weakening  to  show  a  dropping- 
speed  characteristic  at  the  high  speed  between  no  load  and 
about  50  per  cent,  overload.  The  remedy,  if  we  find  the  ma- 
chine over-compensated,  is  obvious.  Increase  the  interpole 
air-gap  if  possible.  Take  some  of  the  turns  off  from  the  inter- 
pole if  this  can  be  easily  accomplished.  It  is  not  recommended 
to  shunt  part  of  the  interpole  current  through  a  resistance. 
A  non-inductive  resistance  should  never  be  used  where  the 
load  is  sudden  and  fluctuating,  as  in  railway  generators  for 
instance. 

It  sometimes  occurs  that  an  interpole  machine  operates 
quite  well  at  light  loads  but  sparks  badly  at  over-loads.  If 
the  brush-potential  curve  obtained  at  hght  load  has  the  shape 
of  Figure  73,  indicating  over-compensation,  while  the  brush- 
potential  curve  obtained  at  overload  has  the  shape  of  Figure 
70,  indicating  under-compensation,  it  is  a  sure  sign  that  the 
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interpole  magnetic  circuit  is  saturated  and  probably  the  section 
of  the  interpole  too  small.  Cutting  down  the  face  of  the  inter- 
pole in  a  tangential  direction  will  help.  If  the  distance  be- 
tween main  and  interpole  tip  is  small,  this  will  at  the  same 
time  reduce  the  interpole  leakage  and  thus  further  improve 
commutation. 

With  wide  brushes  the  brush-potential  curve  sometimes 
takes  the  shape  shown  in  Figure  78.  If  sparking  occurs,  it 
can  be  reduced  by  reducing  the  width  of  the  brush  from  AB 
to  A'B',  provided  the  current  density  under  the  brush  is  not 
unduly  increased  by  doing  that.  The  brush-potential  curve 
is  also  valuable  in  cases  where  the  unit  is  large,  making  it 
impracticable  to  test  the  machine  under  full-load  conditions. 
All  that  is  necessary  is  to  take  the  brush  potential  curve  with 
the  armature  short-circuited,  the  fields  being  just  enough  ex- 
cited to  send  full-load  current  through  the  armature  and  inter- 
poles.  The  same  applies  to  high-voltage  machines  where  it 
would  be  dangerous  for  the  operator  to  take  brush-potential 
curves  under  full-voltage  condition. 

Owing  to  the  different  distribution  of  leakage  flux  under 
full-field  condition,  this  is  theoretically  not  quite  correct, 
though  it  is  quite  close  enough  for  practical  work. 

METHOD  OF  OBTAINING  BRUSH-POTENTIAL  CURVES 

The  following  procedure  has  proved  satisfactory  in  taking 
brush-potential  curves:  Since  the  shape  of  the  curve  is  the 
point  of  interest,  in  order  to  facilitate  comparisons  it  is  advis- 
able always  to  take  the  curve  at  the  brush,  the  potential  of 
which  is  higher  than  the  potential  of  the  commutator — the 
negative  brush  in  a  generator,  for  instance,  and  the  same  ro- 
tation (clockwise  in  the  above  curves).  To  take  the  curve 
two  copper  needles  can  be  used,  but  two  ordinary  writing  pencils 
well  sharpened  have  proved  very  useful  for  the  purpose. 

A  strip  of  cardboard  paper,  perforated  with  holes  about  one- 
sixteenth  inch  in  diameter  and  spaced  about  one-eighth  inch 
apart,  will  do  good  service  in  obtaining  the  points  on  the  curve. 
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The  strip  can  be  laid  over  the  commutator  surface  and  fastened 
to  the  two  brush-holder  studs  adjacent  to  the  brush  under 
examination.  A  uniform  pressure  on  the  contacts  is  desirable 
for  obtaining  most  consistent  results.  If  the  curve  is  taken 
as  suggested  at  the  negative  brush,  care  must  be  exercised  to 
apply  the  positive  terminal  of  the  millivoltmeter  to  the  brush 
and  the  negative  terminal  to  the  commutator  copper.  A 
positive  reading  on  the  voltmeter  will  be  plotted  as  a  positive 
ordinate.  If  the  voltmeter  leads  have  to  be  reversed  the 
reading  will  be  plotted  as  a  negative  ordinate. 

In  the  deduction  of  the  brush-potential  curves  it  is  assumed 
that  drops  in  voltage  between  commutator  and  brush  are 
proportional  to  the  local  current  density.  This  is  only  true 
in  the  case  of  ideal  commutation,  for  then  the  density  is  con- 
stant under  the  brush.  As  a  matter  of  fact,  the  drop  in  voltage 
is  not  proportional  to  the  current  density;  but  if  we  should 
plot  the  drop  in  voltage  against  the  current  density  we  should 
obtain  a  curve  approximating  a  hyperbola,  the  drop  in  voltage 
becoming  constant  when  the  current  increases  indefinitely. 

Furthermore,  we  have  to  keep  in  mind  that  the  current 
density  varies  along  the  brush  not  only  in  space  but  also  in 
time.  In  consequence,  we  cannot  attribute  any  quantitative 
significance  to  the  brush-potential  curve  and  cannot  from  the 
brush-potential  curve  construct  the  curve  of  distribution 
of  current  density  under  the  brush.  The  disparity  between  the 
actual  distribution  of  current  density  and  the  distribution 
deducted  from  the  brush-potential  curve  will  be  the  greater 
the  more  the  commutation  departs  from  the  ideal  commutation 
with  constant-current  density  over  the  entire  surface  of  the 
brush.  Still,  as  a  qualitative  judgment  of  commutation, 
the  brush-potential  curve  is  an  invaluable  asset  of  the  operat- 
ing engineer.  Quahtatively,  all  the  above  deductions  stay, 
in  spite  of  the  fact  that  the  assumption  of  uniform  contact 
resistance  between  commutator  and  brush  is  incorrect.  But 
it  should  be  kept  in  mind  that  the  better  the  commutation,  the 
more  nearly  correct  these  curves  are. 

No  attempt  has  been  made  in  the  above  discussion  to  enter 
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into  the  mathematical  theory  of  commutation,  for  those  in- 
terested in  this  matter  will  find  articles  on  this  subject  in 
technical  literature  by  eminent  electrical  engineers. 

BRUSH  POSITION  ON  NON-COMMUTATING  POLE  MACHINES 

The  location  of  the  neutral  position  of  the  brushes  on  the 
commutator  and  the  operation  of  non-commutating  pole 
machines  presents  a  widely  different  problem  from  that  just 
treated  in  the  previous  articles  on  operation  with  interpoles, 
sometimes  called  commutating  or  auxiliary  poles.  The  one 
great  difference  hes  in  the  fact  that  on  the  commutating  pole 
type,  the  neutral  point  is  fixed  for  all  conditions  of  load  from 
zero  to  full-rated  load,  while  on  the  non-commutating  pole 
machine,  the  neutral  point  on  motors  as  well  as  generators 
shifts  with  every  change  of  load. 

On  the  manufacturers'  test  floors,  the  brushes  are  first 
placed  on  the  mechanical  or  no-load  neutral  determined  by 
locating  a  point  on  the  commutator  equidistant  from  the  pole 
tips  of  two  adjacent  poles.  Well-designed  machines  require 
very  little  shift  from  this  position  even  though  the  neutral 
point  moves  very  appreciably  with  changes  of  load,  because  of 
the  fact  that  the  brushes  fitted  on  such  machines  have  suffi- 
cient transverse  resistance  to  minimize  the  short-circuited 
currents  caused  by  unequal  potential  between  the  two  sides 
of  the  brush  at  the  commutator  surface.  Where  shifting  is 
necessary  on  accoimt  of  sparking  produced  by  the  moving  of 
the  neutral  point  due  to  the  cross  magnetization  of  the  arma- 
ture conductors,  the  amount  of  the  shift  must  be  determined 
by  trial.  On  the  test  floor  these  trials  are  continued  until  the 
neutral  has  been  found  which  results  in  the  most  successful 
commutation,  or,  where  the  sparking  cannot  be  entirely  ehmi- 
nated  at  both  no  load  and  full  load,  which  produces  the  best 
average  condition  over  the  entire  range  of  operation.  It  is 
recommended  that  the  machine  be  operated  with  the  brushes 
at  the  position  producing  the  best  average  commutating  con- 
ditions rather  than  resorting  to  a  continual  shifting  of  the 
brushes  to  suit  the  load  requirements  as  in  the  latter  method, 
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the  fit  of  the  brushes  on  the  commutator  is  being  constantly 
changed  resulting  in  sparking  and  blackening  of  the  commu- 
tator surface.  Then,  too,  there  is  the  probability  of  having 
the  load  suddenly  drop  after  the  brushes  have  been  shifted 
to  produce  perfect  commutation  at  full  load  with  the  result 
that  serious  sparking,  damaging  both  brushes  and  commuta- 
tor, will  occur. 

On  a  motor,  the  brushes  should  be  shifted  backward  or 
against  rotation  when  sparking  begins  to  appear  as  the  load 
increases,  returning  the  brushes  to  their  original  position  as  the 
load  decreases  again.  With  the  two  brush  position  limits 
determined  at  no  load  and  full  load,  an  average  point  may  be 
easily  found  by  shifting,  which  gives  the  best  commutation 
over  the  entire  range.  If  the  direction  of  rotation  is  changed, 
it  is  necessary  to  place  the  brushes  on  the  opposite  side  of  the 
neutral  point,  the  same  distance  as  that  previously  obtained 
to  secure  satisfactory  results.  It  is  necessary  where  reversals 
are  frequently  made,  to  place  the  brushes  on  the  no-load  neutral 
so  as  to  eliminate  their  continual  shifting.  A  motor  designed 
for  rotation  in  one  direction  only,  when  applied  to  a  service 
requiring  frequent  reversals  may  spark  continuously  if  oper- 
ated with  the  brushes  on  the  no-load  neutral.  This  difiiculty 
may  be  overcome,  however,  by  increasing  the  air  gap  by  re- 
moving shims  or  liners  from  between  the  pole  pieces  and  the 
frame  thus  reducing  the  effect  of  the  cross  magnetization  of 
the  armature  conductors,  resulting  in  less  shifting  of  the  neutral. 
It  should  be  remembered,  however,  that  an  increase  in  the  air 
gap  will  be  accompanied  by  an  increase  in  speed  requiring  a 
strengthening  of  the  field  current.  An  excessive  shift  of  the 
brushes  against  rotation  on  a  motor  will  produce  a  rising  speed 
characteristic  as  the  load  is  increased  due  to  the  increase  of 
the  demagnetizing  effect  of  the  current  in  the  armature  con- 
ductors upon  the  main-pole  flux.  The  manufacturer  should 
be  informed,  when  a  motor  is  being  ordered,  whether  or  not 
reversed  operation  is  to  be  required  as  the  design  of  the  ma- 
chine will  be  materially  different  with  respect  to  the  fields, 
brushes  and  brush  holders. 
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The  shifting  of  the  brushes  from  the  no-load  neutral  point 
on  a  generator  to  prevent  sparking  as  the  load  is  increased  is 
exactly  opposite  to  the  procedme  in  the  case  of  a  motor.  In 
the  generator,  the  shifting  is  in  the  direction  of  rotation  and 
the  same  method  is  adopted  for  locating  the  best  average  oper- 
ating position  as  previously  described  for  the  motor.  The 
no-load  and  full-load  brush  positions  may  in  some  designs  be 
so  far  apart  that  no  satisfactory  average  position  can  be  ob- 
tained. In  such  a  case,  an  increase  in  the  air  gap  will  reduce 
the  maximum  brush  shift  necessary  to  such  an  extent  as  to 
make  it  possible  to  obtain  a  good  working  neutral.  The 
decrease  in  voltage  occasioned  by  the  increase  in  the  air  gap 
must  be  overcome  by  increasing  the  strength  of  the  field  cur- 
rent. It  is  not  usually  necessary  to  change  the  air  gap  where 
the  generator  is  operated  within  its  normal  rated  limits  pro- 
viding that  correct  adjustments  have  been  made  at  the  fac- 
tory. If  such  adjustments  have  not  been  made  or  if  it  is 
desired  to  operate  the  generator  at  above  its  rated  capacity, 
since  the  temperature  rises  permit  an  increase  in  load,  the  com- 
mutation constants  may  be  materially  improved  by  the  increase 
in  air  gap. 
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BRUSH  DEFECTS  CAUSING  FAULTY  COMMUTATION 

Choice  of  Brushes — Brush  and  Contact  Resistance — 
Brush  Density — Unequal  Brush  Spacing  Around 
Commutator — Incorrect  Brush  Angle — Wrong 
Brush  Pressure — Misalignment  of  the  Brush- 
holder  Brackets — Brush  Chatter — Brushes  Bind- 
ing in  Holders — Brush  Wear — Glowing  and  Pitting 
of  Brushes — Loose  Connections:  Burnt-off  Pig- 
tails— Vibration   of  the   Brush  Rigging 

CHOICE    OF  BRUSHES 

Successful  commutation  depends  to  a  large  extent  upon  the 
selection  of  the  brush  to  suit  the  demands  of  the  service. 
Manufacturers  of  brushes  for  electrical  machinery  vary  widely 
in  their  recommendations  and  oftentimes  troubles  from  faulty 
commutation,  as  well  as  troubles  with  commutators  come  as 
a  direct  result  of  the  operator  following  out  instructions  and 
recommendations  made  by  brush  agents.  Experience  with  the 
various  types  of  brushes  is  undoubtedly  the  best  criterion  in 
the  selection,  but  manufacturers  of  electrical  machinery  should 
be  consulted  wherever  possible  before  a  change  in  the  brush 
equipment  of  a  machine  is  made,  as  the  design  of  the  unit  should 
be  considered. 

While  machines  are  shipped  with  the  proper  brushes  at- 
tached for  operation  under  ordinary  conditions,  it  frequently 
happens  that  local  surroundings,  with  which  the  manufacturer 
is  unacquainted,  make  necessary  a  complete  change  of  the 
brush  equipment  for  successful  operation.  For  example,  units 
exposed  to  oil  vapors  should  never  be  equipped  with  graphite 
brushes  for  the  reason  that  the  additional  lubrication  caused 
by  the  oil  will  unite  with  the  graphite  and  coat  the  surface 
of  the  commutator  with  smut,  causing  serious  sparking.  This 
smut  may  be  removed  by  wiping  the  commutator  with  clean 
canvas,  but  unless  continuous  attention  is  given,  the  sparking 
will  reappear.  In  oil-laden  atmospheres,  dry-carbon  brushes 
should  be  substituted  as  they  will  absorb  the  oil  condensing 
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on  the  commutator  and  run  very  smoothly.  Therefore  in 
cases  of  this  kind  where  the  operating  conditions  in  regard  to 
the  brushes  are  unusual,  the  attention  of  the  manufacturer 
should  be  called  to  this  fact  when  electrical  machinery  is  being 
ordered. 

Graphite  brushes  should  never  be  used  where  the  side  mica 
on  the  commutator  is  flush  with  the  surface,  as  in  a  short  period 
of  time  sparking  and  brush  wear  will  result  due  to  the  failure 
of  the  brush  to  wear  the  mica  at  an  equal  rate  with  the  copper. 
Graphite  brushes  should  not  be  used  even  though  the  side 
mica  be  undercut,  where  the  machine  is  exposed  to  acid  or 
alkali  fumes  or  other  corrosive  agents,  unless  the  brushes  have 
abrasive  material  in  their  composition  which  will  cut  through 
the  insulating  film  caused  by  the  fumes  and  insure  a  good  con- 
tact with  the  commutator  surface.  Graphite  brushes  usually 
will  not  operate  successfully  on  high-speed  commutators  when 
set  trailing  on  account  of  heating  but  will,  however,  produce 
good  results  when  set  leading  at  an  angle  of  fifteen  degrees 
or  more. 

In  general,  carbon  brushes  are  employed  where  the  special 
requirements  of  the  service  make  graphite  brushes  inadaptable. 
There  are  several  disadvantages  which  are  inherent  in  the 
carbon  brush  and  limit  its  field,  such  as  its  high  coefficient 
of  friction,  low  current-carrying  capacity,  lack  of  lubrication 
and  its  tendency  to  chatter.  The  carbon  brush  can  be  used 
at  any  angle  and  is  peculiarly  well  fitted  for  operation  in  special 
cases,  as  mentioned  above,  where  the  surrounding  air  is  oil 
laden  or  filled  with  acid  or  alkali  fumes. 

Graphitized  carbon  brushes  will  operate  successfully  at  any 
angle  and  will  give  satisfactory  results  for  most  commercial 
applications.  The  side  mica  on  the  commutator  must  be 
grooved  or  under  cut  since  this  type  of  brush  contains  practi- 
cally no  abrasive  material.  They  require  no  lubrication  and 
will  not  commutate  perfectly  where  oil  is  present,  on  account 
of  the  formation  of  smut  on  the  commutator  surface.  When 
a  new  set  is  installed,  it  is  necessary  to  wipe  the  commutator 
frequently  with  clean  canvas  for  a  few  days,  to  remove  the 
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excess  lubricant  inherent  in  the  brush.  Composition  brushes 
containing  metal,  known  as  metal  graphite  brushes  are  used  on 
collector  rings  on  3-wire  generators  and  on  commutators 
of  electrolytic  machinery  where  very  high  currents,  up  to 
thousands  of  amperes,  with  voltages  of  ten  and  below  are 
generated.  Here  the  use  of  metal  brushes  is  permissible  be- 
cause the  voltage  between  commutator  bars  is  very  low  and 
high  current-carrying  capacities  in  the  brushes  are  required 
as  well  as  low-voltage  drops  in  the  contact  and  brushes.  The 
high  current  densities  required,  from  seventy-five  to  eighty-five 
amperes  per  square  inch,  are  necessary  in  order  to  decrease 
the  size  of  the  commutator  to  dimensions  which  are  mechan- 
ically possible  in  construction.  The  low  contact  and  brush 
drop,  under  one  volt,  is  essential  because  of  the  low  voltage 
generated.  Using  other  types  of  brushes,  the  brush  and  con- 
tact drop  would  amount  to  from  two  to  three  volts,  which  in 
this  case  would  be  a  large  percentage  of  the  total  generated 
voltage.  The  metal  graphite  brush  has  a  low  transverse 
resistance  as  compared  with  carbon  and  pure  graphite  brushes 
and  for  this  reason  in  its  substitution  for  other  types,  a  thinner 
brush  should  be  installed,  if  underbrush  sparking,  glowing  and 
pitting  appear,  as  the  trouble  will  be  due  to  the  fact  that  the 
low-resistance  brush  is  short-circuiting  too  many  armature 
coils.  When  commutation  trouble  develops  after  metal 
brushes  have  been  substituted,  it  is  not  necessary  to  keep  the 
machine  out  of  service  while  new  holders  are  being  secured 
to  accommodate  the  thinner  brush,  for  a  temporary  adjustment 
of  the  thickness  may  easily  be  made  by  filing  off  the  toes  or 
heels  of  the  brushes  without  changing  the  holders.  The  center 
line  of  the  brushes,  however,  after  the  filing,  has  to  be  shifted 
until  it  coincides  with  the  same  point  on  the  commutator  as 
intersected  by  the  original  center  line. 

Graphite,  graphitized  carbon  and  carbon  brushes  are  used 
on  directH3urrent  machines,  where  the  voltages  carried  vary 
from  ten  to  thirty-five  hundred  volts.  Where  the  voltage 
generated  drops  below  ten  volts,  metal  graphite  brushes  should 
be  installed. 
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A  brush  should  be  free  from  air  holes  and  foreign  matter 
and  its  ingredients  should  be  thoroughly  mixed  to  insure 
uniformity.  All  of  the  brushes  on  the  commutator  should 
be  of  the  same  quality  since  an  inequality  will  produce  selective 
commutation  due  to  the  hogging  of  the  current  by  the  good 
brushes.  An  exception  to  the  general  rule  is  sometimes 
found  in  the  case  of  electrolytic  machines  where  carbon  brushes 
are  fitted  to  cut  through  the  film  caused  by  the  fumes.  If  no 
lubrication  is  supplied  these  carbon  brushes  will  chatter  and 
it  is  customary  to  substitute  a  sufficient  number  of  graphite 
brushes,  so  arranged  on  the  various  studs  as  to  cover  the  entire 
commutator  surface  at  each  revolution  and  supply  the  nec- 
essary lubrication. 

BRUSH  AND  CONTACT  RESISTANCE 

The  resistance  of  the  brushes  and  of  the  contacts  between 
the  brushes  and  the  commutator  directly  affects  the  speed  of  a 
motor  and  the  voltage  regulation  of  a  generator  In  the  case 
of  a  motor,  a  drop  in  speed  will  result  as  the  load  comes  on 
when  any  resistance  is  placed  in  series  with  the  armature. 
This  decrease  of  the  speed  will  be  directly  in  propor- 
tion to  the  amount  of  the  armature  resistance.  For  example, 
if  the  sum  of  this  resistance  in  series  with  the  armature  and 
the  resistance  of  the  armature  itself  is  represented  by  R,  the 
applied  voltage  upon  the  armature  being  E  and  the  current 
C,  the  actual  voltage  produced  by  the  revolutions  of  the 
armature  is  E  equals  CR.  Now  if  in  another  case,  a  total 
resistance  of  Rx  was  used  and  the  applied  voltage  and  current 
remained  the  same,  the  actual  voltage  produced  by  the 
revolutions  of  the  armature  would  be  E  equals  CRx.  There- 
fore if  the  CRx  of  the  second  case  is  greater  than  the  CR  of  the 
first,  the  speed  of  the  motor  will  be  less.  The  action  in  the 
case  of  the  generator  will  be  the  same  except  that  the  voltage 
regulation  will  be  affected  instead  of  the  speed. 

The  drop  at  the  contact  is  very  large  as  compared  with 
that  due  to  the  resistance  of  the  brush  itself,  in  fact  the  brush 
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resistance  in  this  comparison  is  almost  negligible.  For  ex- 
ample, referring  to  curve  4  on  Figure  79,  the  contact  drop  with 
45  amperes  per  square  inch  of  contact  surface  is  1.2  volts  for 
each  polarity,  making  a  total  of  2.4  volts  drop.  The  total 
drop  including  that  due  to  the  brush  resistance,  will  be  approxi- 
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Fig.  79. 


mately  2.67  allowing  a  brush  drop  of  0.135  volts  for  each 
polarity.  Figure  79  gives  a  set  of  12  curves  for  the  standard 
brushes  on  the  market  showing  the  drop  in  volts  for  each 
polarity  or  side  with  varying  brush  densities  at  the  contact 
suiface. 
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The  values  used  in  plotting  the  curves  in  Figure  79  are 
based  on  good  contact  secured  by  perfect  brush  fit.  If  the 
contacts  are  poor,  due  to  improper  brush  fits,  dirty  surfaces 
or  wrong  spring  pressures,  the  contact  drop  will  be  materially 
increased  while  the  drop  due  to  the  resistance  of  the  brush 
itself  will  remain  practically  constant. 

In  generators  where  the  voltage  must  be  held  constant,  it  is 
necessary  to  compensate  for  this  increased  drop  due  to  the 
resistances  of  the  contacts  and  brushes  by  adjusting  the 
strength  of  the  shunt  or  series  fields,  by  means  of  a  hand 
rheostat,  in  the  shunt  field  or  an  adjustable  resistance  in 
multiple  with  the  series  field.  In  the  shunt  generator  the 
decrease  in  voltage  due  to  this  drop  is  easily  remedied  by 
increasing  the  shunt-field  strength.  In  the  compound-wound 
generator,  where  the  drop  in  voltage  is  cared  for  by  increasing 
the  strength  of  the  series  field,  the  automatic  voltage  regula- 
tion from  no  load  to  full  load  is  materially  changed  as  a 
stronger  series  field  always  results  in  a  greater  hump  in  the 
compounding  curve,  that  is,  the  departure  from  a  straight 
line  drawn  between  the  no-load  and  full-load  points  becomes 
considerably  larger  at  fractional  loads.  It  is  therefore  im- 
portant that  this  contact  and  brush  drop  be  reduced  to  a  mini- 
mum so  as  to  prevent  the  necessity  of  strengthening  the  series 
field  to  compensate  for  this  drop. 

BRUSH  DENSITY 

Brush  density  is  measured  at  the  contact  between  the  brush 
and  the  commutator  surface  and  is  expressed  in  amperes  per 
square  inch.  In  the  measurement  of  the  contact  area  the 
angle  of  the  brush  must  be  taken  into  consideration,  for  the 
length  of  the  commutator  span  will  naturally  be  greater  than 
the  thickness  of  the  brush.  When  a  fifteen  degree  angle  is 
employed,  the  area  of  the  contact  surface  will  be  1.06  times 
the  cross  sectional  area,  with  a  twenty  degree  angle,  1.09  and 
with  a  thirty-seven  and  one-half  degree  angle,  1.25;  all  angles 
of  course  being  measured  from  a  vertical  line  through  the 
center  of  the  brush. 
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The  entire  current  is  carried  by  the  brushes  of  eadi  polarity. 
For  example,  in  an  8-pole  machine,  the  current  should  be 
divided  equally  between  four  sets  of  brushes.  The  current- 
carrying  capacity  of  the  brush  varies  with  its  composition,  a 
carbon  brush  being  used  to  carry  thirty-five  to  forty  amperes 
per  square  inch  when  required  at  times  to  handle  a  50  per 
cent,  overload  for  two  hours,  or  forty  to  forty-five  amperes 
per  square  inch  where  the  overload  is  25  per  cent,  for 
two  hours.  For  continuous  duty,  where  the  load  is  con- 
stant over  long  periods,  carbon  brushes  should  not  be  run  with 
a  density  exceeding  f  ortj^-five  amperes  per  square  inch.  Graph- 
ite brushes  will  operate  satisfactorily  with  a  brush  density  of 
fifty  to  fifty-five  amperes  per  square  inch  when  required  to 
carry  a  50  per  cent,  overload  for  two  hours,  fifty- five  to 
sixty  amperes  when  the  overload  is  25  per  cent,  for  two 
hours  and  up  to  sixty  amperes  per  square  inch  when  the 
current  is  constant.  Composition  brushes  made  up  of  carbon, 
graphite  and  metal  are  fitted  on  machines  whose  duty  cycle 
requires  continuous  service  with  a  fixed  current  where  the 
brush  density  may  be  run  at  values  up  to  seventy-five  amperes 
per  square  inch.  Copper  gauze  or  copper  leaf  brushes  will 
handle  a  density  of  one  hundred  to  one  hundred  fifty  amperes 
per  square  inch  successfully,  but  are  used  on  collector  rings 
only. 

Assuming  a  total  current  of  fifteen  hundred  amperes,  carried 
by  eight  studs,  with  five  one  and  one-fourth  inch  by  one  inch 
brushes  at  an  angle  of  thirty-seven  and  one-half  degrees,  the 
brush  density  can  be  computed  to  be  forty-eight  amperes  per 
square  inch  from  the  formula 

=  D 
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where, 

C  =   Total  current  in  amperes. 

S  =  Number  of  studs  of  each  polarity,  or  the  number  of 

poles  divided  by  2. 
W  =   Width  of  the  brush  in  inches. 
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T  =   Thiokncss  of  th(^  brush. 

A   =   Constant  corresponding  to  the  brush  angle,  1.25  for 

37>^  degrees,  1.08  for  20  degrees  and   1.06  for   15 

degrees. 
N  =  Number  of  brushes  per  stud. 
D  =  Density  in  amperes  per  sq.  in.  of  constant  area. 

J.  1500 ._ 

^  =  4  X  IK  X  1  X  1.25  X  5  =  ^^  ^"^P^^"^  P"'  ^^-  ^"- 

When  it  is  desired  to  change  the  type  of  brushes  used,  and 
the  best  operating  density  of  the  new  type  is  known,  the 
number  of  brushes  which  will  be  needed  may  also  be  found  by 
use  of  the  above  formula. 

When  brushes  are  operated  for  any  great  length  at  densities 
exceeding  the  values  given  above,  disintegration  due  to  heating 
will  result.  Should  the  overload  current  on  the  brush  become 
two  and  one-half  to  three  times  at  great  as  the  normal  capacity, 
the  brush  would  become  red  hot  and  disintegrate  very  rapidly. 
Where  a  machine  operates  continuously  under  its  rated  ampere 
load,  its  efficiency  may  be  increased  by  removing  a  percentage 
of  the  brushes  until  the  proper  density  has  been  established. 
The  gain  in  efficiency  is  effected  by  the  reduction  in  brush 
friction. 

UNEQUAL  BRUSH  SPACING  AROUND  COMMUTATOR 

Symptoms — Sparking  at  One  or  All  Studs. 
Selective  Commutation. 

To  secure  satisfactory  commutation  it  is  necessary  that  the 
brushes  be  equally  spaced  around  the  commutator. 

Unequal  spacing  of  the  brushes  may  cause  sparking  to  occur 
under  all  of  the  brushes  due  to  all  of  the  different  studs  not 
being  at  the  neutral  points.  However,  the  sparking  may  take 
place  at  only  one  stud  or  at  any  number  of  them  while  the 
neighboring  studs  commutate  perfectly.  This  latter  condi- 
tion is  caused  by  unbalanced  circuits  in  the  armature  windings 
resulting  from  a  larger  or  smaller  number  of  commutator  seg- 
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ments  and  armature  conductors  connected  thereto,  delivering 
an  unequal  voltage  and  current  to  the  various  sets  of  brushes. 
The  cm-rent  flowing  in  the  armatm-e  circuits  divides  in  propor- 
tion to  the  resistances  of  the  circuits  and  if  the  brush  spacing 
is  such  as  to  cause  unequal  resistances  of  these  circuits  due  to 
differences  in  their  length,  the  current  distribution  will  be 
such  as  to  cause  a  large  current  to  flow  in  the  shorter 
circuits  and  a  small  current  in  the  longer  circuits.  Unbalanc- 
ing of  the  armature  circuits  may  also  result  from  loose  con- 
nections at  the  brushes  or  studs  as  described  in  the  succeeding 
articles. 

To  obtain  equal  spacing,  the  studs  should  be  set  up  with 
the  brush  holders  in  place,  and  the  commutator  should  be 
wrapped  tightly  with  a  long  strip  of  paper  about  an  inch  wide 
covering  its  entire  circumference  and  tied  in  place.  The  lap- 
ping point  of  this  paper  should  then  be  marked,  the  paper 
should  be  removed,  spread  on  a  flat  surface  and  stepped  off 
with  a  large  pair  of  dividers  or  similar  tool  into  exactly  equal 
sections,  equal  in  number  to  the  number  of  poles.  The  strip 
should  then  be  replaced  on  the  commutator  and  the  studs  so 
adjusted  that  the  toes  of  the  brushes  on  the  different  studs 
just  touch  these  marks. 

Another  method  for  obtaining  the  correct  brush  spacing  is 
by  counting  off  and  making  equal  the  number  of  commutator 
segments  between  studs.  This  method  is  relatively  accurate 
in  spite  of  the  slight  variation  in  the  thicknesses  of  the  mica 
and  the  segments,  where  the  number  of  commutator  segments 
is  evenly  divisible  by  the  number  of  poles,  which  is  the  case  in 
multiple-wound  armatures.  Where  the  armature  is  series 
wound  and  the  number  of  segments  is  not  evenly  divisible  by 
the  number  of  poles,  a  certain  amount  of  estimating  is  neces- 
sary to  split  up  the  odd  segment  and  the  resulting  inaccuracy 
is  Uable  to  be  the  cause  of  poor  spacing. 

The  above  methods  outlined  for  obtaining  the  correct  brush 
spacing  are  applicable  either  to  machines  designed  with  or 
without  commutating  poles. 
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INCORRECT  BRUSH  ANGLE 

Symptoms — Brush  Chatter. 

Binding  in  Holders. 
Sparking. 

Sparking  of  such  a  nature  as  to  seriously  bum  the  commuta- 
tor surface  and  the  brushes  frequently  results  due  to  incorrect 
brush  angle.  Brushes  are  set  on  direct-current  motors  and 
generators  in  order  to  approach  the  commutator  in  three  dif- 
ferent ways,  radially,  leading  and  trailing,  the  two  latter  posi- 
tions being  illustrated  in  Figures  80,  81  and  82.     The  brush 


Fig.  80. — Leading  brush. 

angle  depends  upon  the  commutator  speed,  the  direction  of 
rotation  and  upon  the  service  requirements  with  respect  to 
rotation  in  either  direction. 

Where  the  speed  of  the  commutator,  assuming  one  direction 
of  rotation  only,  does  not  exceed  500  feet  per  minute, 
the  brushes  may  be  set  leading  at  an  angle  of  approximately 
fifteen  degrees.  With  speeds  ranging  from  500  feet  per 
minute  to  2000  feet  per  minute,  the  brushes  are  usually  set 
approximately  fifteen  degrees  from  the  vertical  trailing. 
Above  2000  feet  per  minute,  the  bushes  are  set  37^  degrees 
from  the  vertical,  leading.  Brushes  whose  angle  with  the 
vertical  is  greater  than  twenty  degrees  are  commonly  called 
large  angle  brushes. 
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Machines  fitted  with  radial  brushes  can  be  reversed  without 
danger  of  sparking.  Machines  fitted  with  brushes  with  an 
angle  of  twenty  degrees  or  less  may  be  reversed  without  serious 
sparking  under  emergency  conditions  but  if  the  direction  of 


Fig.  81. — Trailing  brush. 

rotation  is  to  be  permanently  changed  the  brush  holders  should 
be  reversed  in  position.  When  machines  are  designed  to 
operate  in  one  direction  of  rotation  only,  such  as  the  motors, 
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Fig.  82. — Correct  position  of  brush  on  commut.itor. 

driving  fans,  pumps  and  line  shafting,  or  generators  driven 
by  steam  engines,  turbines  or  water  wheels,  where  large  angle 
(above  twenty  degrees)  holders  are  employed,  reversal  must 
not  be  attempted  without  a  reversal  of  the  brush  holders. 
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Large  angle  brushes  operated  trailing  will  bind  in  the  holders 
and  cause  a  great  deal  of  sparking  as  well  as  scoring  of  the 
commutator  surface  and  breaking  off  of  the  toes  of  all  brushes. 
The  breaking  of  the  brushes  is  due  to  the  pressure  of  the  com- 
mutator surface  against  the  brush  contact  surface  at  a  large 
angle  resulting  in  an  undue  stress  being  set  up  by  the  brush 
against  the  holder.  The  sparking  results  from  the  brush  not 
riding  properly  on  the  commutator  caused  by  the  sticking  in 
the  holder  boxes  and  also  from  the  carbon  particles  broken 
from  the  brush  toes  being  carried  around  the  commutator. 
Motors  designed  for  continuous  reversing,  such  as  those  driv- 
ing planers  and  roller  mills  are  usually  fitted  with  brushes  set 
at  an  angle  of  twenty  degrees  from  the  vertical  for  experience 
has  shown  that  the  brushes  will  operate  at  this  angle  under 
such  service  without  changing  the  fit  of  the  brush  with  each 
reversal  and  thus  will  produce  satisfactory  commutation. 
If  a  brush  whose  angle  with  the  vertical  is  less  than  twenty 
degrees  is  employed  for  continuous  reversing  service,  sparking 
will  result  due  to  the  rocking  of  the  brush  in  the  holder,  causing 
two  separate  brush  fits.  Brushes  with  an  angle  greater  than 
twenty  degrees  will  cause  brush  breaking  and  sparking  as 
mentioned  previously  in  this  paragraph. 

Where  the  reversal  of  the  brush  holders  on  the  stud  is  re- 
quired when  the  direction  of  rotation  is  changed,  the  stud 
must  be  shifted  so  that  the  brushes  are  again  placed  on  the 
neutral  point.  Instead  of  redetermining  this  neutral  point 
by  experiment,  it  is  advisable  to  mark  a  point  on  the  com- 
mutator at  the  center  line  of  the  brushes  in  their  original 
position  before  disturbing  the  holders  and  then  bring  the 
brushes  back  to  this  same  position  after  reversal. 

WRONG  BRUSH  PRESSURE 

Symptoms — Sparking. 

Brush  and  Commutator  Wear. 
Selective  Commutation. 
Poor  Fit  of  Brushes. 

When  the  pressure  forcing  the  brush  against  the  commutator 
is  too  great,  sparking,  brush  wear,  friction,  excessive  commuta- 
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tor  wear  and  grooving,  and  crumbling  of  the  brushes  will 
result.  Insufficient  spring  pressui'e  will  cause  sparking, 
selective  commutation,  unbalanced  circuits  in  the  armature, 
and  unsteady  voltage.  It  is  impossible  to  give  a  fixed  value 
for  the  spring  pressure  that  will  hold  for  the  many  different 
kinds  of  brushes  and  holders  upon  the  market  but  in  this 
article  on  the  wrong  brush  pressure,  the  troubles  resulting 
from  too  much  or  too  Httle  pressure  will  be  covered,  no  matter 
what  the  proper  amount  of  spring  tension  may  be. 

Too  much  spring  pressure  on  the  brushes  will  cause  them  to 
bind  in  the  holders,  due  to  the  combined  action  of  the  heavy 
pressure  and  the  tangential  force  exerted  by  the  commutator. 
The  brush  under  such  condition  cannot  follow  the  slight 
irregularities  which  always  exist  on  the  commutator  with  the 
result  that  sparking  occurs  and  the  brush  may  be  fractured  at 
the  heel  or  the  toe.  Rapid  brush  wear  and  excessive  wearing 
or  grooving  of  the  commutator  as  well  as  high  temperatures 
from  the  undue  friction  are  also  directly  traceable  to  too  much 
spring  pressure. 

Insufficient  brush  pressure  will  cause  sparking  due  to  poor 
and  irregular  contacts  and  the  shifting  of  the  brush  fit.  Spark- 
ing will  also  result  from  the  unbalansing  of  the  armature 
circuits  when  all  of  the  brush  sets  are  not  making  uniform 
contact.  This  often  happens  on  machines  operated  in  hori- 
zontal positions  since  the  total  pressure  of  the  brushes  on  top 
of  the  commutator  is  the  sum  of  the  spring  pressure  and  that 
exerted  by  the  weight  of  the  brush,  while  at  the  bottom  the 
effective  pressure  is  the  difference  between  the  spring  pressure 
and  the  brush  weight.  Selective  commutation  due  to  inade- 
quate spring  pressure,  considered  either  from  brush  to  brush 
on  the  same  stud  or  from  stud  to  stud  of  the  same  polarity, 
causes  sparking  on  some  or  all  studs,  burning  of  pigtails 
resulting  from  an  unequal  distribution  of  the  current  and 
glowing  of  the  brushes. 

The  pressure  of  the  brush  on  the  commutator  should  be 
sufficient  to  insure  good  electrical  contact  without  causing 
undue  friction  or  excessive   wear  of  the  commutator.     As 
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previously  stated  no  fixed  values  for  the  spring  pressure  can 
be  given  to  cover  all  conditions  but  in  good  commercial  prac- 
tice, a  pressure  of  one  and  one-half  to  one  and  three-quarter 
pounds  per  square  inch  of  contact  area  can  be  used  with  carbon 
brushes.  This  figure  may  be  reduced  to  one  pound  per  square 
inch  of  contact  area  where  graphite  brushes  are  installed. 
Once  the  proper  value  for  the  pressure  has  been  determined, 
advantage  should  be  taken  of  the  adjustable  features  of  the 
brush-holder  spring  and  the  proper  tension  maintained  as  the 


Fig.  83. — A  full  set  of  brushes  placed  on  a  machine  without  proper  fitting. 
Note  the  small  percentage  of  actual  contact  surface  causing  overloading 
and  sparking. 

brush  wears.  The  brush  pressure  per  square  inch  of  contact 
surface  for  the  brushes  on  the  collector  rings  of  3-wire 
generators  is  usually  from  four  to  five  pounds. 

A  poor  fit  of  the  brushes  on  the  commutator  will  result  in 
sparking,  glowing  and  heating  of  the  brushes  and  the  commu- 
tator. Poor  contact  may  be  due  to  the  brushes  not  being 
properly  fitted  to  the  surface  of  the  commutator,  insufiicient 
spring  pressure,  hard  spots  in  the  brushes  or  metal  particles 
being  imbedded  in  the  face  of  the  brush  or  to  the  brushes  being 
forced  away  or  lifted  from  the  surface  of  the  commutator  on 
account  of  foreign  matter  upon  it,  such  as  hardened  lubricant. 

When  the  commutator  surface  has  been  freshly  turned,  it 
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will  not  be  possible  to  secure  good  commutation  and  a  good 
brush  fit  without  first  polishing  the  commutator.  This  is 
done  by  running  the  machine  light  for  at  least  24  hours  with 
normal  brush  pressure  and  then  an  additional  24  hours  under 
approximately  half  load.  The  complete  treatment  of  the 
commutator  and  brushes  under  these  conditions  is  given  in  the 
chapter  on  "The  Starting  and  Operation  of  Direct-current 
Motors"  on  Page  73. 

Sparking  caused  by  a  poor  brush  fit  due  to  insufficient 
spring  pressure  is  taken  up  in  this  article.  Hard  spots  occur 
in  the  brushes  due  to  the  improper  mixture  of  the  brush  ingre- 


FiG.  84. — Copper  imbedded  in  the  surface  of  the  brushes  caused  by  sand- 
papering the  commutator  with  the  brushes  down. 


dients.  A  brush  defective  on  account  of  hard  spots  should 
be  discarded  and  replaced  by  one  whose  quality  will  insure 
an  equal  distribution  of  the  load.  In  some  cases  it  is  necessary 
to  replace  the  entire  set  of  brushes  in  order  to  obtain  this  equal 
distribution.  The  hard  spot  in  the  brush  does  not  wear  down 
at  an  equal  rate  with  the  rest  of  the  brush  and  finally  becomes 
the  only  point  of  contact  resulting  in  glowing  and  pitting  and 
under-brush  sparking.  Metal  particles  imbedded  in  the  face 
of  the  brushes  result  from  the  use  of  sandpaper  or  grinding 
stones  applied  to  the  surface  of  the  commutator  with  the 
brushes  down.  These  metal  particles  will  cause  under-brush 
sparking,  glowing  and  pitting  and  also  spoil  the  commutator 
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polish.  When  excess  lubricant  is  applied  to  the  commutator, 
it  will  combine  with  dust  and  lint  and  roll  up  under  the  brushes, 
causing  poor  contacts  resulting  in  burning,  pitting  and 
sparking. 

The  brushes  should  not  be  fitted  to  the  surface  of  the  com- 
mutator by  drawing  strips  of  sandpaper  back  and  forth  under 
the  brush  but  the  sandpaper  should  be  drawn  under  the  brush 
in  the  direction  of  rotation  with  the  spring  lifted  between  cuts. 
Brush  fitting  is  (fiscussed  in  detail  in  the  chapter  on  "Erection 
and  Assembly"  on  Page  53. 

MISALIGNMENT  OF  THE  BRUSH-HOLDER  BRACKETS 

Symptoms — Sparking  at  One  or  More  Studs. 
Glowing  of  Brushes. 

Sparking  may  occur  under  the  brushes  of  one  or  more  studs 
if  the  brush-holder  brackets  are  not  properly  lined  up  with 
the  commutator  segments.  In  case  of  this  misalignment,  all 
of  the  brushes  of  the  stud  which  is  out  of  line  will  spark 
because  they  are  short-circuiting  a  greater  number  of  commu- 
tator segments  and  armature  conductors  than  the  design  of 
the  machine  will  permit,  since  coils  outside  of  the  neutral  zone 
may  be  included.  Improper  alignment  can  be  readily  de- 
tected by  noting  if  all  of  the  toes  of  the  brushes  of  one  stud  are 
in  line  with  one  edge  of  a  commutator  segment. 

Misalignment  of  the  brush-holder  bracket  may  result  from 
the  loosening  of  bolts  or  from  the  distortion  of  the  insulating 
collars,  through  warping  or  swelling,  produced  by  heat  or 
moisture,  or  both.  Where  there  are  ten  or  more  brushes  on 
each  stud  or  bracket,  it  is  necessary  to  support  the  outer  end 
by  the  use  of  tie  rings  made  of  wood  or  fibre  and  misalignment 
is  frequently  due  to  the  tightening  of  the  bolts  holding  these 
tie  pieces  to  the  ends  of  the  studs  before  the  brush  spacing 
has  been  determined.  The  correct  alignment  and  spacing 
of  the  brushes  and  brackets  should  be  secured  before  the  bolts 
holding  the  tie  pieces  are  tightened  up.  It  will  be  found  that 
the  tie  pieces  are  fitted  with  slots  to  permit  adjustment  of  the 
bracket  position. 
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Where  sparking  occurs  at  one  stud  only  it  is  advisable  to 
check  the  brush  spacing  and  aUgnment.  The  brackets  or 
studs  must  also  support  the  brush  holders  so  that  the  inner 
and  outer  holders  are  at  the  same  distance  from  the  commu- 
tator surface. 

BRUSH  CHATTER 

Symptoins — Hissing  Noise. 

Ring  Fire.  • 

Disintegration  of  Brushes. 
Mechanical  Sparking. 

Brush  chatter,  a  very  common  and  serious  trouble  in  direct- 
current  commutation  is  indicated  by  a  hissing  noise  accom- 


FiG.  85.— Fi:i 


'.        es  as  a  result  of  brush  chatter,  due  to  high  mica 
and  a  rough  commutator  surface. 


panied  by  sparking  at  the  brushes.  This  sparking  is  of  a 
mechanical  nature,  lacking  the  usual  snap  and  bright  burning 
arc  peculiar  to  electrical  troubles.  Brush  chatter  can  often 
be  distinguished  by  applying  a  very  small  amount  of  lubricat- 
ing oil  or  grease  to  the  commutator  by  means  of  a  piece  of 
waste  or  cloth.  For  a  short  time,  the  hissing  and  sparking  will 
disappear  but  within  a  few  minutes,  especially  if  the  commuta- 
tor is  warm,  the  trouble  will  reappear.  While  the  application 
of  lubrication  to  the  commutator  may  be  resorted  to  as  a  test, 
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continued  use  of  the  lubricant  is  not  advisable  and  will  per- 
haps result  in  the  disintegration  of  the  side  mica  and  the 
smudging  of  the  commutator  surface.  Besides  the  sparking 
and  hissing,  brush  chatter,  if  allowed  to  continue  makes  itself 
known  by  the  gradual  crumbling  away  of  the  brushes  and  the 
loosening  of  the  pigtail  connections.  An  examination  of  the 
commutator  may  reveal  no  apparent  cause  for  the  action  for 
perhaps  the  surface  will  appear  perfectly  smooth  and  bright. 
Brush  chatter  is  due  in  most  cases  to  too  much  clearance  in 
the  holders.  It  can  also  be  traced  to  the  incorrect  angle  of 
the  brush  on  the  commutator,  insufficient  spring  pressure, 
high  mica,  and  the  selection  of  the  wrong  brush  for  the  service 
requirements.  Too  much  clearance  in  the  holders  will  permit 
the  brushes  to  move  around  and  chatter.  This  clearance 
should  be  from  ten  to  fifteen  mils.  A  remedy  in  such  cases 
is  wherever  possible,  to  tip  the  brush  holders  or  brackets  so  as 
to  increase  the  angle  of  the  brush  from  the  vertical  line  through 
its  center  which  causes  the  brush  to  ride  against  one  surface 
of  the  brush-holder  box  continuously  instead  of  rocking  from 
one  side  to  another.  The  angle  of  the  brush  on  the  commutator 
will  affect  its  successful  operation,  as  a  leading  angle  of  the 
brush  of  fifteen  degrees  on  a  commutator  running  from  500 
to  2000  feet  per  minute  will  invariably  cause  chattering,  while 
a  trailing  brush,  whose  angle  is  fifteen  degrees  from  the  vertical 
will  operate  without  trouble.  Where  the  commutator  speed 
is  below  500  feet  per  minute,  a  leading  brush  of  fifteen  degrees 
will  perform  satisfactorily  while  a  trailing  brush  of  the  same 
angle  will  in  some  cases  chatter  slightly  at  this  low  speed 
due  to  the  tendency  of  the  brush  to  bind  in  the  holder.  Slow- 
speed  commutators  are  generally  fitted  on  generators  directly 
connected  to  steam  or  gas  engines,  or  on  motors  driving  com- 
pressors or  piston  pmnps,  and  the  throw  of  the  reciprocating 
parts  will  cause  the  armature  and  commutator  to  run  out  of 
true  unless  the  bearings  are  continually  adjusted  for  align- 
ment. Brush  holders  set  leading  permit  the  brushes  to  follow 
the  movement  of  the  commutator  affected  by  this  throw,  while 
a  trailing  angle  will  result  in  a  sluggish  movement  of  the  brush. 
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When  the  commutator  speed  is  greater  than  2000  feet  per 
minute  the  brushes  are  set  at  a  leading  angle  of  from  twenty 
to  forty  degrees  as  a  measure  against  chatter,  but  this  angle 
cannot  be  employed  where  frequent  reversals  of  rotation  are 
required.  Here  an  angle  of  twenty  degrees  is  used.  Insuffi- 
cient spring  pressure  will  allow  the  brushes  to  jump  up  and 
down  in  the  holders.  The  remedy  of  course  is  to  correctly 
adjust  the  tension  of  the  spring  and  recommendations  for  the 
correct  values  to  use  are  made  in  the  article  on  Brush  Pres- 
sures. High  mica  prevents  the  brush  from  riding  smoothly  on 
the  commutator,  which  may  be  remedied  by  making  the  mica 
flush  with  the  commutator  surface  by  the  use  of  fine  sandpaper 
or  by  undercutting  the  mica  slightlj'  with  a  hack-saw  blade. 
When  the  sandpaper  is  being  used  the  brushes  should  all  be 
raised  and  the  machine  carefully  blown  out  before  voltage  is 
applied.  For  high-speed  commutation  graphite  brushes 
should  be  used  as  dry,  non-self-lubricating  carbon  brushes 
will  cause  chattering  at  high  speeds  with  any  angle. 

BRUSHES  BINDING  IN  HOLDERS 

Sympto  ms — Glowing. 
Sparking. 

Mechanically  Unbalanced  Armature 
Burnt-off  Pigtails. 

When  a  brush  does  not  move  freely  in  its  holder,  sparking, 
glowing  and  heating  of  the  brush  will  result.  This  trouble 
can  usually  be  recognized  by  the  glowing  of  the  sticking  brush 
and  the  very  bright  or  snappy  arc  under  it.  The  failure  of 
this  brush  to  take  its  normal  proportion  of  the  current  will 
cause  the  remainder  of  the  brushes  on  the  stud  to  be  overloaded 
which  may  result  in  the  heating  and  burning  off  of  the  pigtails. 
When  the  pigtails  or  connections  between  the  brushes  and  the 
brackets  are  destroyed,  the  only  path  remaining  for  the  current 
is  directly  through  the  brush  holder.  Owing  to  the  high- 
resistance  contact  between  the  box  and  the  brush,  sufficient 
heat  will  be  generated  to  actuall}^  melt  the  metal  parts  and 
cause  the  brush  and  box  to  freeze  or  run  together.     Extreme 
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cases  of  this  nature  may  make  it  necessary  to  replace  the  entire 
set  of  brush  holders  and  brushes  or  to  file  out  the  boxes,  before 
replacement.  During  the  action  caused  by  the  brush  sticking 
in  a  generator,  there  may  be  a  vibration  of  the  voltmeter 
pointer  and  a  slight  drop  on  the  ammeter  due  to  change  in  the 
voltage,  but  as  station  meters  are  rather  sluggish,  flickering 
of  the  station  lights  may  be  a  more  sensitive  indication  of 
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Fig.  86. — Scored  commutator  surface  resulting  from  the  brushes  sticking 
in  the  holders  and  selective  commutation.  Note  smooth  bands  where  good 
commutation  was  observed. 

this  trouble,  if  these  lights  are  supplied  by  the  generator  in 
question.  The  sticking  of  the  brushes  in  the  holders  may  also 
cause  the  mechanical  balance  of  the  armature  to  be  upset. 
On  a  motor,  brush  sticking  will  result  in  sparking  and 
glowing  and  if  the  machine  is  operating  in  parallel  with  a 
lighting  system,  flickering  of  the  lights  may  also  be  noticed 
due  to  the  voltage  variations  resulting  from  the  fluctuating 
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load  on  the  motor.  If  the  overloading  of  the  brushes  on  a 
stud  resulting  from  sticking  causes  the  pigtails  to  be  burned  off, 
there  is  danger  of  the  burned-off  section  of  the  pigtail  dropping 
on  the  commutator  and  causing  a  short-circuit  which  may  flash 
the  machine  over.  Short-circuits  may  also  be  caused  by  the 
melting  of  the  solder  used  in  connecting  the  pigtail  to  the  brush, 
and  its  subsequent  dropping  on  the  commutator  surface. 

Brushes  may  stick  in  their  holders  due  to  defects  in  the 
brush  or  holders.  The  holders  may  not  provide  the  proper 
clearance,  which  should  not  be  less  than  ten  to  fifteen  mils 


Fig,  87. — A  complete  set  of  brushes  having  an  excessive  clearance  in  the 
holder  permitting  two  or  more  fits  on  the  commutator  surface,  resulting  in 
sparking  and  high  temperatures  from  the  overloading  of  the  brushes  and 
contacts. 

on  all  sides,  due  to  damage  received  in  handling.  The  brushes 
themselves  may  swell  or  expand  when  heated  by  the  current  or 
may  also  cause  sticking  due  to  irregular  surfaces  produced  by 
plating  or  tinning. 

When  a  brush  is  first  placed  in  its  holder,  care  should  be 
taken  to  see  that  it  moves  freely.  Rough  or  high  spots  on  its 
surface  should  be  filed  off  and  a  similar  treatment  given  to 
rough  surfaces  on  the  inside  of  the  box.  It  is  almost  always 
advisable  in  cases  where  brush  sticking  is  due  to  the  swelling 
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of  the  brushes  under  load,  to  immediately  discard  such  a  set 
of  brushes  as  they  will  require  constant  attention  and  con- 
tinually endanger  satisfactory  operation. 

BRUSH  WEAR 

Symptoms — Rapid  Wear  of  Brushes. 
Commutator  Grooving. 
Mechanical  Sparking. 
Ring  Fire. 

Brushes  have  been  known  to  wear  down  completely  within 
a  few  days  after  installation.  On  the  contrary,  one  generator 
is  known  to  have  operated  practically  continuously  for  sixteen 


Fig.  88. — Scored   brush   surface   accompanied   by   poor   contact  and  rapid 
wear,  caused  by  grit  on  the  commutator  surface. 

years  on  its  original  set  of  brushes.  In  the  first  instance  the 
machine  was  operating  beside  an  open  window  exposed  to  a 
blast  of  sand  and  grit  from  the  streets  and  in  addition  had 
large  angle  brushes  operating  in  a  trailing  position.  In  the 
second  case,  the  generator  was  running  in  a  well-ventilated 
station,  free  from  any  trace  of  dirt  or  grit  with  its  bearings 
in  perfect  alignment.  Excessive  brush  wear  due  to  abrasion 
will  occur  during  perfect  commutation,  but  the  wear  may  also 
be  occasioned  by  glowing,  pitting  or  burning  of  the  brushes 
during  faulty  commutation. 

Under  good  operating  conditions,  that  is,  without  overloads 
on  the  units  and  freedom  from  dirt  and  grit,  a  set  of  brushes 
should  ordinarily  last  from  two  to  three  years,  with  grooved 
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or  undercut  mica.  Where  the  mica  is  flush  with  the  com- 
mutator surface  the  Hfe  of  the  brush  is  from  one  to  two  years. 
To  prevent  rapid  brush  wear,  guard  against  excessive  spring 
pressures  and  adjust  the  holders  for  the  proper  angle  (do  not 
use  large  angle  brushes  trailing) .  Where  the  machine  operates 
in  an  atmosphere  charged  with  cement  dust  or  fine  iron  par- 
ticles, it  is  advisable  to  use  a  totally  enclosed  unit  and  pipe 
the  cooling  air  from  a  clean  source.  It  may  be  necessary  to 
build  a  separate  room  for  the  electrical  machinery  although 
usually  a  protective  shield  will  suffice.  Acid  or  alkali  fumes 
or  smoke  tend  to  disintegrate  the  brushes  through  a  chemical 
or  electrolytic  action.  Brushes  should  not  be  permitted  to 
wear  down  to  such  an  extent  as  to  permit  the  metal  connec- 
tions holding  the  pigtails  to  cut  or  score  the  commutator 
surface.  The  length  of  the  standard  brush  is  two  and  one- 
half  inches  and  at  least  one  and  one-half  inches  may  be  worn 
down  before  removal,  provided  the  springs  are  adjustable  to 
permit  the  proper  tension.  A  rough  commutator  surface 
resulting  from  high  or  low  bars  or  high  mica  will  also  shorten 
the  life  of  the  brushes  but  one  of  the  greatest  causes  of  rapid 
brush  wear  is  the  sanding  or  stoning  of  the  commutator  while 
the  brushes  are  down. 

GLOWING  AND  PITTING  OF  BRUSHES 

Symptoms — Glowing. 

Under-brush  Sparking. 
Deterioration  of  Brushes. 

When  a  brush  glows,  it  becomes  red  hot  and  indicates  that 
too  much  current  is  flowing  in  the  brush.  Glowing  is  rarely 
caused  by  an  excessive  line  current  but  is  due  to  a  current 
generated  by  the  armature  conductors  which  are  short-cir- 
cuited by  the  brush.  The  armature  conductors  while  in  a 
neutral  zone  may  enclose  the  stray  flux  from  the  pole  tips 
and  a  heavy  current  will  flow  through  the  low  resistance  made 
up  of  the  armature  conductors  short-circuited  by  the  brush. 
This  current  added  to  the  line  current  causes  the  overload  which 
results  in  glowing.     Glowing  may  come  as  a  result  of  selective 


TROUBLES  AND  THEIR  REMEDIES 


149 


commutation,  where  one  brush  does  not  take  its  share  of  the 
load  on  account  of  poor  contacts,  poor  fit  or  faulty  spring 
pressure,  causing  the  overloading  of  the  neighboring  brushes. 
Pitting  of  the  brushes  follows  directly  after  glowing.  The 
pitting  action  eats  away  the  brush,  taking  place  sometimes 
along  the  side  of  the  brush  where  it  can  be  easily  seen,  but 
often  on  the  underside  of  the  brush  where  considerable  damage 


Fig. 


89. — Brushes  damaged  due  to  pitting,  glowing  and  under  brush  sparking 
occasioned  by  improper  adjustment  of  the  commutating  field. 


may  be  done  without  any  visible  indications.  The  pitting  or 
eating  away  spoils  the  entire  contact  surface  of  the  brush  by 
causing  the  formation  of  holes,  grooves  and  ridges.  These 
holes  vary  in  depth  from  one-sixteenth  to  one-half  of  an  inch, 
depending  upon  how  long  the  action  has  continued.  Chatter- 
ing of  the  brushes  will  also  cause  pitting. 

Glowing  and  pitting  may  be  occasioned  by  the  brushes  not 
being  in  the  neutral  position  bringing  about  a  short-circuiting 
of  armature  coils  which  are  still  in  the  influence  of  the  flux 
from  the  main  pole.     The  same  condition  will  result  from  poor 
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design  if  a  brush  which  is  too  wide  is  employed,  as  this  will 
short-circuit  too  large  a  number  of  commutator  bars. 

As  a  check  upon  faulty  design,  the  heels  or  toes  of  the 
brushes  can  be  filed  down  one-sixteenth  or  one-eighth  of  an  inch, 
and  the  effect  of  the  thinner  brush  noted.  This,  if  successful, 
can  be  used  as  a  temporary  measure  until  new  holders  and  thin- 
ner brushes  have  been  secured.  Shifting  of  the  brushes  should 
also  be  resorted  to,  to  prevent  glowing,  in  order  to  get  a  better 
neutral  setting  by  removing  the  short-circuited  armature  coils 
from  the  influence  from  the  flux  from  the  main-pole  tips. 
Brushes  on  machines  not  equipped  with  commutating  poles  will 
sometimes  glow  excessively  at  no  load  if  the  shift  from  the 
neutral  is  too  great  (too  far  forward  in  the  direction  of  rotation 
in  the  case  of  a  generator  and  too  far  backward  against  the 
direction  of  rotation,  in  the  case  of  a  motor). 

LOOSE  CONNECTIONS— BURNT-OFF  PIGTAILS 

Sym'ptoms — Sparking. 

Selective  Commutation. 

Glowing  Following  from  Brush  to  Brush. 

A  loose  connection  between  the  brush  and  the  pigtail  while 
not  an  especially  serious  trouble,  unless  10  per  cent,  or  more  of 
the  brushes  are  faulty  in  this  particular,  will  result  in  poor 
and  selective  commutation.  Ordinarily  when  the  connection 
on  a  single  brush  is  loose,  no  outward  evidences  of  trouble 
will  appear  unless  the  machine  is  heavity  overloaded,  when 
sparking  and  glowing  at  the  brushes  on  the  same  stud  will 
occur.  When  10  per  cent,  or  more  of  the  connections  are 
loose,  unless  the  machine  is  very  lightly  loaded,  the  sparking 
and  glowing  will  become  so  serious  that  it  may  be  necessary 
to  diminish  the  load  or  remove  the  unit  from  the  line.  A  good 
diagnosis  of  this  condition,  can  frequently  be  made  when  the 
sparking  and  glowing  follows  from  one  brush  to  another  across 
the  entire  stud  or  from  stud  to  stud  of  the  same  polarity. 
This  symptom  can  also  be  noticed  when  the  brushes  stick  in 
the  holders  but  it  is  a  pretty  sure  evidence  of  poor  contacts. 

Loose  connections  result  from  defective  workmanship,  poor 
tinning  and  soldering,  damage  incurred  in  handling,  chattering 
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of  the  brushes  or  high  temperatures  occasioned  by  overloads. 
When  the  connection  on  a  brush  loosens  for  any  of  the  above 
reasons  it  should  be  scrapped  as  no  permanent  repair  can  be 
made  without  incurring  the  possibility  of  unreliability.  High 
temperatures  from  overload  or  selective  commutation  will 
melt  the  solder  at  the  connection.  The  burning  off  of  the 
pigtails  occurs  on  the  brushes  on  the  stud  having  good  contacts 
for  practically  all  of  the  load  is  carried  by  these  brushes  when 
the  connection  becomes  loose  on  the  faulty  brush.  The  sever- 
ing of  the  pigtail  by  the  overload  current  will  make  the  load 
shift  back  to  the  brushes  with  poor  contacts  or  the  current 
may  pass  through  the  boxes  and  cause  glowing  and  severe 
heating. 

The  connections  between  the  brush-holder  brackets  or  bus 
ring  ears  are  another  source  of  trouble  from  selective  commu- 
tation and  care  must  be  exercised  to  keep  the  bolts  at  these 
contacts  tightened.  The  shrinkage  of  the  insulating  collars 
is  sufficient  to  allow  a  shifting  of  the  connection.  The  stud 
attached  to  the  bus  ring  by  a  faulty  connection  will  show 
sparking.  Loose  connections  will  upset  the  electrical  balance 
in  the  armature  circuits  and  thus  all  contacts  should  be  kept 
perfectly  tight. 

VIBRATION  OF  THE  BRUSH  RIGGING 

Symptoms — Sparking  of  the  Brushes  at  All  Loads. 
Vibration  of  Rigging  Noted  by  Hand, 

Vibration  of  the  brush  rigging  will  produce  a  general  spark- 
ing under  all  of  the  brushes.  The  nature  of  this  sparking  is 
very  similar  to  that  noticed  during  chattering  inasmuch  as  it 
is  a  mechanical  rather  than  an  electrical  spark  and  thus  lacks 
the  snappy,  bright,  burning  arc.  The  vibration  may  also  be 
detected  by  placing  the  hand  on  the  brush  holders  or  brackets 
when  the  machine  is  in  operation. 

Brush  riggings  are  supported  in  three  ways,  namely,  by 
the  magnet  frame,  by  the  pillow  block  or  directly  by  the  base 
or  foundation.  Where  the  brush  rigging  is  supported  by  the 
magnet  frame,  vibration  will  usually  be  due  to  the  failure  to 
tighten  the  set  screws  in  the  magnet  yoke  which  are  designed 
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to  hold  the  brush-holder  yoke  firmly  in  position.  With  the 
pillow-block  construction  most  trouble  is  experienced  as  the 
bearing  fit  for  the  supporting  yoke  must  necessarily  be  small 
and  the  overhang  of  the  brush  rigging  gives  a  large  leverage. 
Vibration  in  the  yoke  is  increased  by  vibration  in  the  bearing 
pedestals  which  support  the  revolving  parts.  The  fit  of  the 
yoke  on  the  bearing  housing  should  be  tight  and  the  joints 
between  the  halves  should  be  so  machined  as  to  allow  the 
yoke  to  be  in  contact  over  the  entire  inside  circumference.  If 
the  yoke  is  supported  by  the  set  screw  used  for  locking  the 
yoke  in  place  instead  of  by  a  perfect  fit  throughout  the  circum- 
ference, a  great  deal  of  vibration  will  be  noted.  In  such  cases, 
the  two  halves  of  the  yokes  should  be  disassembled  and  the 
joints  filed  until  a  good  fit  is  obtained.  If  this  does  not  entirely 
suffice  to  remove  the  vibration,  it  may  be  necessary  where 
the  overhang  of  the  brush  rigging  is  eighteen  inches  or  more, 
to  connect  together  the  ends  of  all  of  the  studs  next  to  the 
commutator  leads  by  means  of  tie  rings  made  up  of  wood, 
fibre  or  other  insulating  materials,  and  support  these  rings 
from  the  upper  or  lower  half  of  the  magnet  frame  with  a  tie 
piece  of  non-magnetic  material.  A  roller  may  be  used  in  con- 
nection with  the  tie  piece  support  where  it  is  necessary  to 
shift  the  brushes  during  operation.  Vibration  of  the  bearing 
pedestal  should  be  corrected  by  tightening  of  the  holding 
down  bolts  or  wedging  up  under  the  base  at  the  points  where 
the  vibration  is  noticeable  when  the  finger  tips  are  placed  at 
the  junction  of  the  base  and  the  foundation.  When  the  brush 
rigging  is  supported  by  the  base  or  foundation,  vibration  is 
usually  caused  by  loose  bolts  or  a  slight  movement  of  the 
foundation  under  the  brush-holder  yoke.  If  the  tightening 
of  the  bolts  does  not  remedy  the  trouble,  a  tie  piece  placed 
between  the  upper  half  of  the  magnet  yoke  and  the  upper 
section  of  the  ring  supporting  the  brush  rigging  will  generally 
accomplish  the  result. 

Brushes  sticking  in  the  holders  or  eccentricity  of  the  com- 
mutator will  cause  excessive  vibration  in  any  of  the  types  of 
brush  rigging  supports. 
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COMMUTATOR  TROUBLES  AFFECTING 
COMMUTATION 

High  Mica — High  and  Low  Commutator  Bars — Oil-soaked 
Mica — Rough  and  Grooved  Commutator  Surface — 
Dirty  Surface — Short-circuited  Segments — Broken 
Commutator  Bolts 

HIGH  MICA 

Symptoms — Excessive  Brush  Wear. 
Ring  Fire. 
Brush  Chatter. 
Blackening  of  Commutator  Segments. 

Side  mica,  or  the  mica  between  the  commutator  segments, 
which  extends  above  the  commutator  surface,  will  cause 
sparking  at  the  brushes  and  the  burning  and  blackening  of  all 
of  the  commutator  segments.  This  sparking  is  usually  ac- 
companied by  ring  fire,  that  is,  a  fine  ring  of  fire  encircling  the 
commutator,  resulting  from  the  short-circuiting  of  segments  by 
particles  of  the  brushes  worn  away  by  the  high  mica.  Ring 
fire  at  first  is  not  serious  but  gradually  growing  worse,  it  may 
cause  the  machine  to  flash  over  from  stud  to  stud  doing  serious 
damage  to  the  commutator  and  brushes.  The  blackening  of 
all  of  the  bars,  when  high  mica  is  present  begins  at  the 
leaving  edge  and  gradually  works  across  the  bar  until  the  entire 
surface  is  burnt.  High  mica  is  also  evidenced  by  the  chatter 
of  the  brushes,  and  usually  results  from  the  use  of  brushes 
which  do  not  contain  sufficient  abrasive  material  to  cut  the 
mica  at  the  same  rate  as  the  copper. 

In  the  manufacture  of  a  commutator,  after  assembly  it  is 
baked  out  thoroughly  in  an  oven  at  high  temperatures  rang- 
ing from  100  degrees  to  200  degrees  Centigrade  to  remove  all 
solvent  matter  from  the  mica  insulation.  During  this  baking 
process,  a  commutator  should  be  vented  by  drilling  holes  in  the 
clamping  rings  or  spider  to  permit  the  easy  exit  of  the  gases 
formed.  When  this  treatment  is  omitted,  the  commutator  will 
not  be  properly  seasoned  or  settled  and  after  a  short  period  of 
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service,  unless  the  clamping  bolts  are  continually  tightened, 
the  mica  between  segments  will  tend  to  work  out.  The  vent 
holes  drilled  for  baking  are  carefully  plugged  and  sealed  when 
the  operation  is  completed.  The  commutator  bolts  should  be 
kept  reasonably  tightened  at  all  times. 


Fig.  90. — Roughened  commutator  surface  caused  by  high  mica.     Note  that 
mica  has  been  subsequently  grooved  to  remedy  this  trouble. 

High  mica  may  be  temporarily  relieved  by  sanding  the  com- 
mutator surface  with  fine  sandpaper  when  ring  fire  or  sparking 
is  first  noticed,  the  brushes  being  raised  from  the  commutator 
surface  during  sanding.  It  can  be  permanently  remedied  by 
slightly  grooving  or  undercutting  the  mica  below  the  commu- 
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tator  surface.  The  depth  of  the  grooving  will  depend  upon 
the  thickness  of  the  mica  and  the  volts  between  segments. 
The  usual  thickness  employed  where  the  mica  is  flush  with 
the  surface  is  not  less  than  twenty  mils  and  not  more  than 
thirty  mils,  corresponding  to  a  range  in  the  voltage  between 
segments  of  from  ten  to  eighteen  volts.  With  these  thick- 
nesses of  mica  it  is  not  safe  to  undercut  more  than  one-thirty- 
second  of  an  inch  on  account  of  the  danger  of  the  collection  of 
dirt  and  copper  particles  in  the  narrow  grooves.  The  groov- 
ing however  may  be  extended  below  this  depth  providing 


Fig  91. — Commutator  showing  high  mica  and  burning  of  the  surface  on 
account  of  the  attendant  sparking;  also  ridges  between  brushes  caused  by 
improper  brush  stagger. 

that  the  edges  of  the  commutator  bars  are  slightly  beveled  off 
to  extend  the  thickness  of  the  groove  to  at  least  forty  mils. 
In  modern  machines,  flush  mica  is  very  rarely  used  but  instead, 
the  side  mica  of  at  least  forty  mils  in  thickness  is  slotted  to  a 
depth  of  one-sixteenth  of  an  inch.  This  undercutting  permits 
the  use  of  a  soft  brush  without  abrasive  material  which  in  turn 
greatly  lengthens  the  life  of  the  commutator  and  brushes. 
With  a  one-sixteenth  of  an  inch  slot  no  trouble  is  experienced 
due  to  accumulations  of  particles  in  the  grooves  on  account  of 
the  machine  "throwing  out"  and  cleaning  itself  at  practically 
all  speeds.  A  groove  more  than  forty  mils  wide  will  cause 
noisy  operation  on  account  of  brush  chatter. 
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Commutator  mica  may  be  grooved  by  means  of  a  slotting 
machine,  many  of  which  are  on  the  market  and  usually  consist 
of  a  small  motor-driven  circular  saw.  Grooving  may  also  be 
accomplished  by  the  use  of  a  hack-saw  blade  or  a  curved  three- 
cornered  or  riffle  file.  After  grooving,  great  care  should  be 
exercised  to  see  that  all  of  the  mica  has  been  undercut  to  the 
full  depth  of  the  groove  and  that  no  small  fins  remain  on  either 
side.     Mica  fins  will  gradually  work  out  and  cause  continuous 


Fig.  92. — A  later  view  of  the  commutator  shown  in  Fig.  90  after  operating 
with  grooved  mica.  A  perfect  surface  has  been  produced,  free  from  rough- 
ness, ridges  and  blackened  spots. 

trouble  from  faulty  commutation  and  spotting  of  the  commu- 
tator surface.  A  usual  method  is  to  remove  the  fin  after 
grooving  by  means  of  a  sharp  knife  or  tool. 

mOH  AND  LOW  COMMUTATOR  BARS 

Symptoms — Clicking  Noise  at  Low  Speeds 
Breaking  off  of  Brushes 
Sparking  at  Successive  Studs 

When  a  commutator  develops  a  high  bar  or  bars,  it  is 
readily  noticeable  at  low  speeds,  that  is,  when  starting  or 
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stopping,  by  a  clicking  noise  when  the  high  spot  touches  each 
set  of  brushes.  This  noise  is  usually  accompanied,  if  the 
machine  is  under  voltage,  by  a  mechanical  spark  passing 
successively  around  the  commutator,  that  is,  successively  at 
each  set  of  brushes.  If  the  machine  is  operated  for  any  length 
of  time  after  the  high  bar  has  developed,  a  black  spot  will 
appear  on  the  commutator  at  the  point  where  the  high  bar  is 
located  due  to  a  poor  contact  or  arcing  over  when  the  brushes 
jump  from  the  surface. 

A  high  spot  may  be  due  to  one  or  more  bars  or  an  entire 
section  of  high  bars.  This  is  usually  due  to  a  soft  spot  in  the 
cone  or  ring  mica  which  permits  the  bar  or  a  section  of  bars  to 
rise  out  of  place  due  to  centrifugal  force.  The  number  of 
high  bars  will  depend  upon  the  extent  of  the  soft  spot  in  the 
mica.  Sometimes  the  commutator  bolts,  holding  the  rings 
in  place  are  drawn  up  to  such  a  tension  as  to  break  the  bar  at 
the  conical  seat.  Here  again  just  one  bar  may  be  broken  and 
caused  to  extend  above  the  surface  or  a  number  of  bars  under 
the  influence  of  the  bolt  may  be  affected.  A  breaking  of  one 
of  the  conical  seats  may  be  recognized  by  the  fact  that  one  end 
of  the  commutator  only  gives  evidence  of  having  high  bars. 
In  cases  of  too  much  tension  on  the  commutator  bolts,  es- 
pecially in  long  commutators,  where  the  conical  seat  does  not 
break,  the  entire  central  section  of  the  commutator  may  bow 
up  while  the  ends  remain  in  place  or  drop  slightly.  The 
excessive  centrifugal  force  produced  when  the  machine  over- 
speeds  may  also  cause  high  bars.  Where  the  conical  seat  is 
broken  it  is  necessary  to  rebuild  the  commutator  but  it  is  pos- 
sible in  the  case  of  soft  mica,  to  remove  the  clamping  ring  and 
shim  up  the  soft  spot  with  thin  sheets  of  mica.  The  ring  is 
then  replaced  and  tightened  and  the  commutator  surface 
turned  or  ground  and  smoothed.  When  the  tension  on  the 
commutator  bolts  is  too  great,  producing  a  bowing  up  of  the 
central  section,  it  is  possible  where  the  elastic  limit  of  the 
copper  has  not  been  exceeded,  to  relieve  the  excessive  tension 
on  the  bolts  and  true  up  the  commutator  surface  by  grinding 
or  turning. 
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Low  commutator  bars  present  a  real  serious  trouble  and  one 
which  is  difficult  to  remedy  save  by  the  complete  rebuilding 
of  the  commutator.  Low  bars  are  discernible  in  practically  the 
same  ways  as  high  bars,  namely  by  the  clicking  noise  produced 
at  low  speeds  and  the  blackening  of  the  commutator  surface 
at  the  low  section.  It  is  only  infrequently  that  just  one  bar 
will  fall  below  the  surface  but  usually  an  entire  section  will  be 
affected.  When  the  commutator  is  assembled,  the  segments 
and  side  mica  are  arranged  to  form  an  arch  and  held  in  place 
by  an  external  ring  or  rings.  After  machining,  the  spider  and 
clamping  ring  are  assembled  to  support  the  arch  from  the 
inside.  In  the  advent  of  rough  handling  such  as  dropping  or 
striking,  the  arch  is  broken  and  while  it  may  be  possible  in  a 
few  instances  to  restore  the  surface  by  grinding  and  turning, 
it  is  usually  necessary  to  restore  the  arch  by  rebuilding  the 
entire  commutator.  In  case  the  arch  is  not  broken  over  the 
entire  length  of  the  commutator,  but  simply  low  at  either 
end,  it  is  possible  to  remove  the  clamping  ring  and  increase 
the  thickness  of  the  mica  by  the  insertion  of  thin  sheets  under 
the  low  points.  This  in  many  cases,  however,  results  in  loose 
side  mica  on  the  affected  end. 

OIL-SOAKED  MICA 

Symptoms — Ring  Fire. 

Honeycombing  of  Mica. 
Grounds. 

If  the  mica  insulation  on  a  commutator  becomes  oil  soaked, 
it  will  be  necessary  in  a  short  while  to  rebuild  the  commutator 
and  furnish  new  mica  throughout.  For  this  reason  it  is 
imperative  that  all  possibilities  of  oil  being  thrown  upon  the 
commutator  be  removed.  Sources  of  this  danger  are  very 
common,  such  as  leaky  bearings  which  permit  oil  to  creep 
along  the  shaft  and  enter  the  spider  and  rings  of  the  commuta- 
tor, revolving  parts  of  engines  such  as  cranks  or  eccentrics 
being  improperly  or  insufficiently  guarded  or  operation  in  an 
oily  atmosphere  particularly  around  gas  engines.     Frequent 
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use  of  a  lubricant  on  the  commutator  is  also  a  very  common 
cause  of  this  trouble. 

When  the  side  mica  becomes  oil  soaked,  arcing  between  the 
commutator  segments  accompanied  by  ring  fire  will  ensue. 
An  examination  of  the  side  mica  will  reveal  a  honeycombed 
condition  with  carbonized  paths  which  may  be  eaten  to  con- 
siderable depths,  sometimes  from  two  to  three  inches,  and  a 
blackened  condition  between  the  affected  bars.  When  these 
paths  are  burnt  through  to  the  cone  or  bed  mica,  a  ground 
results  and  serious  burning  will  necessitate  the  removal  of  the 
unit  from  service  for  repair.  If  the  trouble  is  noticed  at  its 
beginning,  that  is,  before  the  carbonized  path  has  reached  an 
appreciable  depth  of  not  over  one-half  an  inch,  it  is  possible 
to  make  temporary  repairs  by  cutting  away  all  of  the  carbon- 
ized mica  and  removing  all  burnt  particles,  after  which  the 
slot  is  filled  with  a  commutator  compound  sold  by  manufac- 
turers of  electrical  apparatus  for  this  purpose.  Under  emer- 
gency conditions  and  where  it  is  impossible  to  secure  a  special 
commutator  compound  already  prepared,  a  paste  made  of 
water  glass  and  plaster-of-Paris  may  be  applied  after  the 
burned  particles  have  been  thoroughly  scraped  out.  Com- 
mutators treated  in  this  way  have  been  known  to  give  satis- 
factory service  for  long  periods  of  time  but  as  a  general  rule 
it  is  necessary  in  the  end  to  rebuild  the  commutator  and  furnish 
new  mica  throughout. 

A  test  for  oil-soaked  mica  is  to  place  a  sample  strip  in  a  vise 
and  when  pressure  has  been  exerted,  noting  if  oil  appears  at 
the  edges.  When  oil  creeps  along  the  shaft  and  enters  the 
cone  mica  through  the  opening  between  the  clamp  ring  and 
the  spider,  a  complete  replacement  of  the  mica  may  be  un- 
necessary and  generally  the  above  test  will  show  that  a  re- 
placement of  the  cone  mica  alone  will  suffice.  Instead  of 
using  lubricating  oil  for  removing  smut  on  the  commutator 
surface,  wiping  with  waste  dipped  in  kerosene,  gasoline  or 
alcohol  is  recommended  in  order  to  eliminate  the  danger  of 
introducing  oil  into  the  mica.  It  should  be  remembered, 
however,  that  the  above  solvents  are  highly  inflammable  and 
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will  explode  when  applied  to  a  hot  commutator  surface  where 
there  is  any  sparking  at  the  brushes.  For  this  reason,  the 
voltage  should  not  be  on  the  machine  while  cleaning. 

ROUGH  AND  GROOVED  COMMUTATOR  SURFACE 

Symptoms — Sparking. 
Chatter. 
Burning. 
Formation  of  Grooves. 

A  rough  commutator  surface  may  present  a  deceiving  il- 
lusion while  the  machine  is  standing  still,  as  the  commutator 
may  appear  to  be  relatively  smooth  and  in  good  condition. 
When  in  operation,  however,  its  uneven  surface  will  be  evi- 
denced by  sparking  at  the  brushes,  chatter  and  in  some  cases 
vibration  of  the  entire  unit.  The  causes  for  a  rough  commuta- 
tor surface  are  high  or  low  bars,  high  mica,  improper  commu- 
tator seasoning,  metal  beads  on  the  surface  formed  by  flashovers, 
burns  from  short-circuits,  bowing  up  or  deformation  due 
to  high  temperatures,  eccentricity  due  to  the  flexure  of  the 
shaft  and  the  failure  to  turn  or  grind  at  the  proper  speed,  that 
is  300  feet  per  minute  for  turning  and  1800  feet  per  minute  for 
grinding,  or  taking  too  large  a  cut  in  the  turning  or  grinding. 
When  the  surface  of  the  commutator  has  become  rough  for  any 
of  the  above  reasons,  it  may  in  mild  cases,  be  possible  to  restore 
it  to  its  original  condition  by  the  use  of  fine  sandpaper  applied 
by  hand,  with  a  block  of  wood  fitted  to  the  commutator  sur- 
face (the  brushes  of  course  being  lifted  during  tliis  operation). 
Where  the  use  of  sandpaper  will  not  produce  the  desired 
results,  a  commutator  sandstone  may  be  applied  by  hand  but 
in  no  cases  should  carborundum  or  emery  be  employed,  since 
fine  particles  of  these  hard  substances  will  become  imbedded 
in  the  brushes  and  cause  sparking,  commutator  wear  and 
short-circuits  between  bars.  If  the  commutator  is  appreci- 
ably eccentric,  it  is  practically  always  necessary  to  turn  or 
grind  it  and  finish  with  fine  sandpaper  before  satisfactory 
results  will  be  secured.     During  the  process  of  sandpapering 
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or  sandstoning  by  hand,  the  copper  dust  should  be  collected 
and  thus  prevented  from  entering  the  windings  of  the  machine 
by  means  of  holding  a  piece  of  waste  just  in  front  of  the  sand- 
paper or  stone  in  the  direction  of  rotation.  Even  when  this 
precaution  is  taken,  the  machine  should  be  carefully  blown 


Fig.  93. — Scored  commutator  surface  resulting  from  exposure  of  the 
machine  to  a  blast  of  concrete  dust.  Note  also  the  scoring  on  the  brush 
faces. 


out  before  voltage  is  applied.  The  turning  and  grinding  of 
a  commutator  is  taken  up  in  detail  on  Page  69  of  Chapter  IV. 
Grooving  or  cutting  of  the  commutator  surface  will  in 
general  not  cause  sparking  when  the  grooving  is  due  to  brush 
wear  or  grit  on  the  surface,  or  to  electrolytic  action  between 
the  brush  and  the  bar.     If  the  revolving  element  of  the  ma- 
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chine  is  permitted  to  float  freely  in  the  bearings  as  in  the  case 
of  belted  machines  or  motor  generator  sets,  the  cutting  action 
will  be  distributed  over  the  entire  surface.  When  the  revolv- 
ing element  is  fixed  in  regard  to  horizontal  movement  such 
as  in  the  case  of  direct-connected,  engine-driven  generators 
or  motors  connected  to  pumps  or  gears,  the  grooving  or  cutting 
will  be  very  noticeable.  Proper  staggering  of  the  brushes 
will  eliminate  this  trouble  but  it  should  be  noted  that  it  is 
necessary  to  so  stagger  the  brushes  as  to  prevent  brushes  of 
the  same  polarity  from  tracking  each  other  as  the  electrolytic 
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Correct  Staggering 
Fig.  94. — A  sketch  showing  the  correct  and  incorrect  stagger  of  the  brushes. 

action  where  the  current  passes  from  carbon  to  copper  or  from 
copper  to  carbon  will  gradually  eat  away  the  bars  and  accel- 
erate the  grooving.  Brushes  should  be  staggered  in  pairs  of 
studs  allowing  a  positive  brush  to  follow  the  same  path  as  the 
negative  brush  to  offset  the  electrolytic  effect.  The  positive 
and  negative  brushes  should  be  so  distributed  over  the  sur- 
face as  to  wear  all  parts  of  the  surface  uniformly.  In  a  4-  or 
8-pole  machine,  it  is  possible  to  stagger  the  brushes  in 
pairs  of  studs.  With  a  6-pole  machine  however  it  is  neces- 
sary to  stagger  four  of  the  six  studs  in  pairs  and  break  joints 
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with  the  remaining  two  studs.  On  generators  used  in  elec- 
trolytic work,  where  the  ampere  load  runs  into  thousands  over 
long  periods,  it  is  advisable  in  addition  to  the  staggering  of  the 


Fig.  95. — A  view  of  a  commutator  showing  the  correct  staggering  of 
brushes  in  pairs.  (The  additional  length  of  the  commutator  is  not  found  in 
practice  but  is  used  above  to  illustrate  only.) 


brushes,  to  furnish  a  mechanical  or  electrical  oscillating  device 
to  prevent  grooving. 

The  proper  staggering  of  the  brushes  on  the  commutator 
is  shown  in  Figures  94  and  95. 
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DIRTY  SURFACE 

Symptoms — Sparking. 
Glowing. 
Fluctuation  in  Voltage  or  Failure  to  Start. 

A  dirty  commutator  surface  very  frequently  results  from 
the  use  of  a  lubricant  on  the  commutator  or  the  fitting  of 
brushes  containing  lubricant  which  will  exude  when  the  brush 
becomes  heated.  A  graphite  brush  will  produce  a  smut  upon 
the  commutator  surface  if  the  machine  is  operating  in  an  oil- 
charged  atmosphere  on  account  of  the  mixing  of  the  graphite 
with  the  oil.  In  the  advent  of  flashing  over  on  a  machine,  the 
commutator  surface  will  become  covered  with  burnt  particles 
of  insulation,  copper  mica  and  carbon. 

When  the  commutator  becomes  dirty  from  any  of  these 
causes  and  especially  where  a  lubricant  is  used,  the  collection 
of  dirt  and  lint  upon  the  surface  will  work  up  under  the  brushes 
or  between  the  brushes  and  the  brush  holders  preventing  the 
proper  free  movement.  This  produces  sparking  on  account 
of  the  poor  electrical  contact  and  will  be  accompanied  by 
heating  of  the  brushes.  In  a  generator,  a  very  dirty  commu- 
tator may  cause  the  machine  to  fail  to  pick  up  or  if  running, 
to  drop,  in  voltage  appreciably.  In  a  motor,  a  decrease  in 
speed  will  be  noticed  as  well  as  sparking  at  the  commutator. 
In  fractional  horse-power  motors,  such  as  those  installed  on 
washing  machines  or  electric  fans,  where  the  spring  pressure 
on  the  brushes  is  very  light,  the  motor  will  fail  to  start  until 
the  commutator  surface  is  clean. 

Avoid  the  use  of  all  lubricant  on  the  commutator  and  guard 
against  the  fitting  of  brushes  which  contain  an  excessive 
amount  of  lubricant,  which  will  exude  upon  heating.  The 
commutator  surface  should  be  cleaned  with  fine  sandpaper 
with  the  brushes  up  and  each  brush  should  be  carefully  wiped 
off  with  waste.  If  a  coat  of  smut  alone  exists  no  sandpaper 
will  be  required,  as  a  slight  amount  of  kerosene,  gasoline  or 
alcohol  applied  with  a  rag  (with  the  brushes  raised)  will  usually 
suffice. 
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Acids  or  alkali  fumes,  practically  all  of  which  have  a  very 
corrosive  action  upon  copper,  will  coat  the  entire  surface  of 
the   commutator  mth  a  film  of  a  non-conducting  material, 


Fig.  96. — Dirty  commutator  surface  caused  by  the  use  of  a  lubricant  on 
the  commutator  in  connection  with  graphite  brushes.  Note  the  collection 
of  smut  on  the  faces  of  the  exposed  brushes. 


resulting  in  sparking  and  rapid  wear  of  the  commutator  and 
brushes.  This  action  is  particularly  noticeable  where  the  unit 
is  not  operated  continuously  but  will  also  take  place  where 
the  commutator  is  always  in  motion.     Cleaning  continuously 
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with  canvas  or  porous  cloths  will  reduce  the  sparking 
to  a  minimum  but  the  only  perma,nent  remedy  is  to  completely 
enclose  the  machine  either  with  end  shields  or  a  separate  com- 
partment and  then  furnish  clean  cooling  air.  Where  it  is 
not  possible  to  remove  the  unit  from  such  local  conditions, 
both  carbon  and  graphite  brushes  are  used;  the  carbon 
brushes  supply  the  necessary  abrasive  to  cut  through  the 
insulating  film  while  the  graphite  brushes  afford  sufficient 
lubrication. 

Flashing  at  the  commutator,  burning  or  grounding  can  be 
oftentimes  traced  to  the  failure  to  properly  clean  the  creepage 


Fig.  97.—  Coated  brush  surface  caused  bv  collection  of  dirt  on  commutator. 


surfaces,  at  the  ends  of  the  segments  where  the  clamping 
rings  and  the  copper  come  very  close  together.  This  creepage 
surface  varies  in  length  from  one-half  inch  in  one  hundred 
twenty-five  volt  machines  to  three  to  four  inches  where  voltages 
of  fifteen  hundred  to  two  thousand  are  obtained.  The  creep- 
age  surface  is  made  by  placing  an  insulating  collar  of  mica 
around  the  clamping  ring,  held  in  place  by  cord,  which  in 
varnished,  shellaced  or  painted.  If  collections  of  copper, 
carbon  dust,  water  or  grease  are  permitted  to  remain  upon  this 
surface,  a  low-resistance  path  from  the  copper  bars  to  the 
ground  is  formed  and  the  machine  will  be  grounded.  Burning 
and  flashing  will  take  place,  destroying  the  insulation  on  the 
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clamping  rings.  Particular  attention  should  be  paid  to  the 
creepage  surface  when  the  machine  is  being  cleaned  after 
grinding,  turning  or  sandpapering.  It  is  customary  to  extend 
the  creepage  surface  by  insulating  completely  around  the  end 
of  the  clamping  ring  as  well  as  the  outside  circumference  on 
machines  used  in  mining  service  or  where  exposed  to  moisture. 

SHORT-CIRCUITED  SEGMENTS 

Symptoms — Ring  Fire. 

Heating  and  Burning. 
Fluctuation  of  Voltage. 

Short-circuited  segments  may  be  due  to  a  blow  forcing  two 
segments  to  come  into  contact,  or  to  copper  bridges  forming 
between  bars  during  turning  or  grinding,  particularly  where 
the  mica  is  undercut.  Solder  running  from  overheated  brushes, 
dropping  of  burnt-off  pigtails  and  the  collection  of  current 
carrying  foreign  matter  in  the  slots  are  also  causes  of  this 
trouble.  If  the  short-circuit  produces  a  contact  of  compara- 
tively high  resistance,  heating  and  burning  at  the  point  of  short- 
circuit  is  usually  noticed  and  a  ring  of  fire  around  the  commu- 
tator over  this  point  will  be  observed.  If  the  contact  at  the 
short-circuit  has  a  low  resistance,  a  variation  in  voltage  on  the 
voltmeter  will  show  accompanied  by  a  flicker  in  the  lights  in 
the  case  of  a  generator.  Unless  the  machine  is  immediately 
shut  down  (it  is  not  sufficient  to  remove  the  field  only  as  the 
residual  magnetism  will  be  sufficient  to  continue  the  action) 
the  entire  armature  coil  will  be  burned  out  due  to  the  heavy 
flow  of  current.  After  shutting  down,  the  machine  should 
be  thoroughly  examined  and  the  short-circuiting  condition 
remedied.  It  is  usually  easy  to  find  the  coil  short-circuited  by 
two  segments  in  contact  by  placing  the  hand  on  the  surface 
of  the  armature  windings  or  the  soldered  clips  on  the  front  or 
back  ends  and  detecting  those  which  have  the  highest  tempera- 
ture. The  solder  on  the  end  clips  will  melt  and  run  before  the 
armature  insulation  fails  although  considerable  smoke  may  be 
in  evidence.     If  the  commutator  segments  blacken  in  service 
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after  being  subjected  to  the  short-circuit,  the  clips  should  be 
resoldered  and  the  joints  made  sound.  Oftentimes  the  in- 
correct supposition  is   made  in  this    latter   case,   that  the 


Fig.  98.— Commutator  having  a  burned  surface  as  a  result  of  severe  short 
circuits  while  not  in  operation.  Note  also  the  condition  of  the  surface  pre- 
ceding the  formation  of  ridges  due  to  lack  of  brush  stagger. 


commutator  bars  become  softened  due  to  annealing  during 
the  short-circuit.  Short-circuits  also  occur  between  the 
commutator  leads  or  risers  producing  the  same  effects  as  just 
described. 
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BROKEN  COMMUTATOR  BOLTS 

Symptoms — Flying  Bolts. 

Loosened  Commutator  Segments. 

Broken  commutator  bolts  are  a  somewhat  infrequent  cause 
of  trouble  but  may  present  a  serious  danger  to  the  safety 
of  the  operator  and  the  operation  of  the  machine.  When  the 
defect  is  first  noticed  by  the  breaking  of  the  first  bolt,  the  unit 
should  be  immediately  removed  from  service  and  permanent 
repairs  made.  The  fracture  of  the  bolt  is  caused  by  the  ex- 
pansion of  the  commutator  segments  due  to  high  temperatures 
or  in  some  cases,  to  an  unequal  distribution  of  the  tension  in 
the  commutator  resulting  in  an  overstressing  of  one  of  the 
bolts.  Where  comparatively  short  bolts  are  employed  for 
holding  the  clamping  rings  instead  of  long  through  bolts,  the 
unequal  expansions  of  the  short  bolts  and  the  longer  copper 
segments  produces  the  excessive  tension.  Replacing  the  short 
bolts  with  bolts  of  the  same  length  but  a  higher  tensile  strength 
will  not  effect  the  anticipated  remedy  as  the  conical  seat  of  the 
segments  will  break  or  the  central  section  of  the  commutator 
will  bow  up  if  the  bolts  hold.  A  short  bolt  usually  extends 
through  the  ring  and  into  the  spider  approximately  one  and 
one-half  diameters.  Bolts  of  a  sufficient  length  to  permit  of  con- 
siderable expansion  should  be  substituted  in  this  case.  The 
drilling  for  the  short  bolt  in.  the  commutator  spider  should 
be  continued  until  a  depth  is  reached  which  permits  the  use 
of  a  bolt  from  two  and  one-half  to  three  times  the  length  of  the 
original  bolt.  The  new  bolt  should  be  "necked  down"  just 
above  the  threads  for  a  distance  equal  to  at  least  two  diameters. 
The  reduction  in  diameter  or  "necking  down"  should  not 
bring  the  size  of  the  bolt  below  the  dimension  at  the  bottom 
of  the  thread.  Both  ends  of  the  commutator  should  be  given 
this  treatment  even  though  the  trouble  may  have  developed 
on  one  end  only.  In  case  it  is  mechanically  possible  to  drill 
the  spider  the  entire  length  and  use  long  through  bolts,  to 
hold  both  front  and  back  clamping  rings,  it  is  advisable  to  adopt 
this  arrangement.     The  through  bolts  should  be  reduced  in 
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diameter  in  the  center  over  a  space  of  from  three  to  four 
diameters  as  mentioned  above.  Commutators  constructed 
with  through  bolts  instead  of  short  bolts,  give  best  results  and 
in  case  such  a  bolt  breaks  it  is  due  to  unequal  strains  produced 
when  the  commutator  is  assembled,  and  a  new  bolt  may  be 
inserttJ  without  renewing  the  remaining  bolts  although  an 
examination  of  their  condition  is  advised.  A  commutator 
should  not  be  operated  with  one  or  more  of  its  bolts  defective 
whether  of  the  long-  or  short-bolt  type.  Clamping  rings  are 
frequently  strained  out  of  shape  by  excess  tightening  and 
when  making  an  examination  for  defective  bolts  it  is  well  to 
remove  the  clamping  ring  and  test  its  surfaces  with  a  straight 
edge.  Unless  the  clamping  ring  has  been  stressed  far  beyond 
its  elastic  limit,  it  can  be  readily  pulled  back  into  shape.  Steel 
chips  produced  by  a  breaking  bolt  may  cause  a  ground  and 
care  should  be  taken  to  see  that  all  fragments  are  removed 
particularly  after  a  ring  has  been  taken  out  for  examination. 
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COMMUTATION   TROUBLES   FROM    OTHER   CAUSES 

Weak  Field — Open  Circuit  in  the  Armature — Grounds 
— Overloads  and  Variable  Loads — Poorly  Bal- 
anced   Armature — Faulty    Design 

WEAK  FIELD 

Symptoms — Sparking. 

"Variable  Voltage  or  Speed. 

Faulty  commutation  will  come  as  a  result  of  a  weak  field, 
along  with  poor  voltage  regulation  in  the  case  of  a  generator 
and  poor  speed  regulation  on  a  motor.  Where  a  machine 
not  equipped  with  commutating  poles,  is  designed  to  have  a 
high  armature  reaction  (that  is,  with  a  great  number  of  arma- 
ture conductors),  as  compared  with  the  main  field  flux,  spark- 
ing and  instability  of  voltage  or  speed  will  occur  if  the  machine 
is  operated  above  its  normal  rating  in  amperage.  This 
oondition  is  due  to  the  improper  relation  between  the  field 
strength  and  the  armature  reaction  and  results  when  the  mag- 
netism developed  by  the  armature  current  becomes  relatively 
strong  and  shifts  the  point  of  minimum  sparking,  that  is,  the 
neutral,  from  its  normal  position.  As  the  brushes  remain 
stationary,  sparking  results.  Commutation  may  be  improved 
by  increasing  the  main  field  air  gap,  where  shims  or  liners  are 
provided  for  adjustment  on  machines  not  equipped  with  com- 
mutating poles.  The  increased  air  gap  makes  it  possible  to 
operate  with  less  shifting  of  the  brushes  and  the  cross  magnet- 
ization in  the  armature  is  reduced  as  a  result.  With  machines 
fitted  with  commutating  poles,  properly  adjusted,  little  or  no 
trouble  is  experienced  from  weak  main  fields,  since  the  arma- 
ture reaction  is  compensated  for  by  the  commutating  field. 

A  machine  poorly  designed,  that  is,  with  a  very  high  arma- 
ture reaction  as  compared  with  its  field  flux  may  be  made  to 
operate  successfully  at  its  normal  ampere  and  voltage  rating 
but  will  commutate  unsatisfactorily  when  any  appreciable 
change  is  made  in  the  load  conditions,  that  is,  when  the  amper- 
age is  increased   with  constant  rated  voltage  or  a  decrease 
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in  the  voltage  at  constant  rated  amperage  occurs.  In  ordi- 
nary cases,  the  weakness  of  the  field  may  be  caused  by  too 
small  a  field  current  resulting  from  too  much  resistance  in  the 
field  circuit,  poor  contacts  or  high  temperatures  of  the  field 
coils.  A  reversed  connection  of  one  or  more  field  coils  causing 
it  to  oppose  the  others  or  an  improper  connection  of  the  series 
field  on  a  compound-wound  motor  or  generator  with  respect 
to  the  shunt  coils  will  also  cause  a  weakened  field.  If  the 
series  coils  are  improperly  connected  with  respect  to  the  shunt 
field  on  a  compound-wound  generator,  the  series  field  will  lower 
the  voltage  with  an  increase  of  load  instead  of  raising  it  while 
on  a  compound-wound  motor,  it  will  cause  an  increase  in 
speed  due  to  a  weakening  of  the  field. 

The  improper  connection  of  the  individual  field  coils  with 
respect  to  each  other  may  be  detected  by  holding  a  compass 
needle  near  the  poles  while  the  field  current  is  passing  through 
the  coils.  Adjacent  poles  should  attract  opposite  ends  of  the 
needle.  A  weak  field  caused  by  an  improper  connection  of  the 
individual  coils  requires  only  the  reversal  of  the  connecting 
leads.  The  proper  or  improper  connections  of  the  series  coils 
on  a  compound-wound  generator  or  motor  with  respect  to  the 
shunt  coils  may  be  determined  by  noting  if  the  current  passes 
through  both  sets,  in  the  same  direction  which  it  should  do  in 
order  to  produce  the  proper  results.  When  the  low  field  cur- 
rent is  due  to  too  much  resistance  in  the  field  circuit,  cutting 
out  resistance  in  the  field  rheostat  should  of  course  be  resorted 
to. 

Motors  operating  under  a  weakened  field  condition,  spark 
at  the  commutator  on  account  of  overloads  as  well  as  the  shift- 
ing of  the  neutral  point  as  mentioned  above,  where  the  me- 
chanical load  is  great  enough  to  prevent  the  increase  in  speed 
of  the  armature  corresponding  to  the  weakened  field  condition. 
The  counter-electromotive  force  can  only  be  increased  where 
the  field  value  is  fixed  by  an  increase  in  speed,  prevented  in 
this  case  by  the  mechanical  load.  It  should  be  remembered 
that  the  current  in  the  motor  armature  is  limited  by  the 
counter-electromotive  force  and  also  by  the  resistance  of  the 
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winding,  brushes  and  connections.  This  resistance  is  fixed 
and  unless  the  speed  can  change  with  a  variable  field  current, 
over-loading  will  result. 

OPEN  CIRCUIT  IN  THE  ARMATURE 

Symptoms — Flashing  at  Successive  Studs. 
Blackened  Bar. 

Failure  to  Start  in  Case  of  Motor. 
Variation  in  Voltage  in  Generator. 

An  open  circuit  in  an  armature  winding  always  results  in 
the  blackening  and  burning  of  the  commutator  segment 
connected  to  the  open-circuited  conductor.  The  entire  set  of 
brushes  on  each  stud  will  flash  and  spark  successively  around  the 
machine  as  the  bar  connected  to  the  defective  circuit  passes 
under  it.  The  flashing  is  not  similar  to  the  usual  spark  noticed 
at  the  conmiutator  due  to  other  causes  but  is  violent,  snappy 
and  very  destructive.  On  a  generator,  a  variation  in  the  vol- 
tage accompanied  by  a  flicker  in  the  lights  will  be  noted.  In  a 
motor,  if  the  circuit  has  been  broken  before  the  original  starting, 
it  will  refuse  to  start  unless  one  set  of  brushes  happens  to 
be  in  the  proper  position  to  close  the  circuit.  If,  however, 
the  motor  gets  up  to  speed  or  the  circuit  is  broken  during 
operation,  the  motor  will  continue  to  run  providing  the  me- 
chanical load  is  light.  The  speed  regulation  will  be  unsteady 
and  the  rotary  motion,  when  the  motor  is  relatively  well 
loaded,  will  be  jerky. 

The  open  circuit  may  be  caused  by  a  breaking  of  the  com- 
mutator leads  or  risers  due  to  vibration  or  movement  between 
the  commutator  and  the  armature  core.  These  connections 
may  be  opened  by  the  removal  of  the  solder  due  to  high  tem- 
peratures occasioned  by  overloads  or  by  faulty  contacts. 
Where  the  armature  is  wound  with  fine  wire,  as  is  the  case 
with  small  machines,  no  commutator  leads  or  risers  are  used, 
and  the  open  circuit  usually  is  found  where  the  wire  conductor 
is  soldered  to  the  commutator  segment.  Wire-wound  arma- 
tures may  be  open  circuited  by  burning  due  to  short-circuits 
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between  adjacent  conductors.  Rough  handling  is  a  frequent 
cause  of  broken  connections. 

All  conductors  in  an  armature  winding  are  connected  in  a 
closed  circuit  through  the  commutator  segments.  When  one 
conductor  is  opened  the  commutator  segment  to  which  it  is 
connected  is  removed  from  the  continuous  circuit  and  as  this 
segment  passes  in  succession  under  each  set  of  brushes,  it  is 
bridged  by  the  brushes  and  the  circuit  is  closed  and  current 
builds  up.  The  breaking  of  this  circuit  will  produce  a  violent 
flashing  due  to  the  inertia  of  the  current  which  has  built  up. 

Upon  noticing  the  above  symptoms,  the  machine  should  be 
immediately  removed  from  service.  If  a  commutator  lead 
or  riser  is  found  to  be  broken,  a  copper  sleeve  may  be  made 
from  a  thin  sheet  of  copper  and  soldered  around  the  broken 
points  of  the  lead  to  make  a  firm  joint.  If  an  end  clip  has 
thrown  its  solder,  due  to  overheating,  it  should  be  securely 
resoldered.  A  coil  open  circuited  in  the  core  or  slot  due  to 
burning  must  be  replaced  or  a  soldered  repair  made  where 
mechanically  possible.  Replacing  an  armature  coil  is  de- 
scribed on  Page  242.  Temporary  repairs  for  emergency  condi- 
tions may  be  made  in  case  of  an  open  circuit  by  connecting 
together  the  two  commutator  segments  adjoining  the  defec- 
tive bar  and  the  defective  segment  with  a  copper  stud  firmly 
soldered  into  position.  This  connection  may  also  be  made 
by  pounding  the  copper  segments  at  the  ends  to  make  a  con- 
tact between  the  bars  thus  forming  a  closed  circuit  or  by 
soldering  a  strip  on  the  commutator  leads  or  end  clips  on  the 
armature  winding.  In  high-speed  machines,  where  it  is  diffi- 
cult to  solder  connecting  strips  securely  enough  to  stand  the 
centrifugal  strain,  the  repair  is  sometimes  effected  by  drilling 
and  tapping  between  the  two  adjoining  segments  and  the 
defective  bar  and  introducing  a  short  screw  between  each  bar. 
This  practice,  however,  is  not  recommended  as  it  is  apt  to 
destroy  the  mica  insulation  and  cause  trouble  in  the  future. 
It  is  also  possible  to  bridge  over  the  open  segment  by  throwing 
the  brush  holder  studs  slightly  out  of  line  so  as  to  span  one  or 
more  commutator  segments  than  are  covered  when  in  the  nor- 
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mal  position.  This  represents,  however,  a  very  temporary 
make-shift  as  a  further  trouble  would  be  incurred  due  to  the  mis- 
alignment of  the  studs.  If  the  open  circuit  occurs  in  the  coil,  it 
is  necessary  to  either  repair  the  coil  or  bridge  the  commutator 
segment  connected  to  the  coil.  It  is  not  necessary  to  do  both 
and  usually  the  latter  procedure  will  be  the  easier.  Where  a 
connection  is  made  in  such  a  way  as  to  close  the  armature 
circuit  by  cutting  out  the  open-circuited  coil,  that  is,  by  using 
a  jumper,  the  commutator  segments  must  also  be  bridged. 

GROUNDS 

Symptoms  —  Sparking. 

High  Temperatures. 

When  a  machine  which  has  been  operating  satisfactorily  for 
some  time,  suddenly  develops  commutation  trouble  which 
cannot  be  traced  directly  to  any  defective  condition  of  the 
brushes,  commutator  or  connections,  particularly  if  the  unit 
has  been  operating  on  a  grounded  circuit  such  as  is  common  in 
railway  or  marine  practice,  it  should  be  shut  down  at  once 
and  an  examination  made  for  a  second  ground.  This  second 
ground  will  cause  sparking  by  overloading  the  unit  in  the 
same  manner  as  a  short-circuit  in  the  armature.  One  ground 
in  the  armature  will  not  produce  trouble  because  there  is  no 
return  circuit  or  complete  path  for  the  current.  The  second 
ground  provides  this  path  and  develops  the  sparking  due  to 
the  attendant  overloading.  The  sparking  from  grounds  occurs 
at  all  brushes  and  studs  and  is  usually  accompanied  by  glowing 
and  heating  of  the  brushes.  If  the  ground  is  of  low  resistance, 
the  sparkling  will  continue  even  after  the  external  circuit  is 
opened  and  in  most  instances  the  residual  magnetism  in  the 
main  poles  is  sufficient  to  cause  a  large  enough  circulation  of 
current  to  continue  the  sparking. 

A  ground  in  the  armature  is  usually  caused  by  a  failure  of  the 
insulation  in  the  slot  between  the  conductor  and  the  core  or  be- 
tween the  conductors  and  the  flanges.  It  may  also  be  due 
to  a  breaking  down  of  the  mica  in  the  commutator  or  the 
failure  to  keep  creepage  surfaces  or  dirt  pockets  in  the  end 
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windings,  ventilating  ducts  or  flange  rings  free  from  accumu- 
lations of  copper,  carbon  dust  or  other  current-carrying  ma- 
terials. When  an  armature  is  exposed  to  flying  metal  chips 
from  lathes  or  other  machine  tools,  grounds  may  appear 
when  these  particles  happen  to  fall  into  positions  so  that  they 
connect  the  live  parts  of  the  machine  to  the  ground.  The 
usual  places  where  these  chips  cause  trouble  are  in  the  end 
windings,  soldered  clips,  ventilating  air  ducts  or  just  in  back 
of  the  commutator  leads.  After  rewinding  or  initial  assembly, 
the  machine  may  develop  a  ground,  due  to  metal  particles, 
which  have  been  permitted  to  remain  under  the  windings  or 
in  the  slots,  chafing  through  the  coil  insulation  on  account 
of  the  slight  movement  of  the  coil  in  service.  If  an  armature 
core  becomes  loose  on  its  dovetails  or  between  its  flanges  or  if 
the  space  blocks  in  the  ventilating  air  ducts  become  loosened 
and  work  out,  the  punchings  will  shift  due  to  centrifugal  force 
and  result  in  cutting  through  the  insulation  on  the  conductors 
usually  at  the  ends  of  the  core  or  at  the  air  ducts,  producing 
serious  grounds.  If  the  binding  bands  over  the  end  windings 
or  core  portions  become  loose  due  to  the  shrinkage  of  the  in- 
sulation or  to  overspeed,  or  if  the  retaining  wedges  in  the  core 
portion  shrink  as  a  result  of  high  temperatures  or  improper 
seasoning  and  permit  of  movement  of  the  conductors  in  the 
slots  or  on  the  end  flanges,  grounds  will  shortly  appear  due  to 
chafing  or  rubbing  of  the  insulation.  Grounds  are  also 
caused  by  the  application  of  high  potential  tests  before  all 
accumulations  have  been  carefully  removed  from  all  parts  of 
the  machine  and  especially  the  end  windings.  Before  high 
potential  tests  are  applied  all  machines  should  be  thoroughly 
cleaned  by  carefully  wiping  and  blowing  out  and  where  the 
unit  has  been  running  or  standing  under  moist  conditions  a 
complete  drying  out  should  be  effected  by  baking. 

Sometimes  a  high  resistance  ground  is  first  detected  by  the 
operator  coming  in  contact  with  live  parts  of  the  circuit  on 
either  the  positive  or  negative  side  and  receiving  a  shock  when 
the  unit  is  operating  on  a  system  which  is  not  intentionally 
grounded.     The  extent  of  the  ground  should  be  determined 
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with  a  voltmeter  by  measuring  the  drop  and  insulation  resist- . 
ance  from  the  hve  circuit  to  the  ground,  as  described  on  Page 
219,  and  if  the  insulation  resistance  is  found  to  be  under 
500,000  ohms,  it  is  necessary  to  remove  the  machine  from 
service  and  make  repairs.  An  indicated  resistance  of  above 
500,000  ohms  will  insure  safe  operating  conditions.  A  magneto 
fitted  with  a  bell  connected  between  th^  Hve  circuit  and  the 
ground  preferably  between  the  commutator  and  the  shaft  will 
indicate  a  ground  by  the  ringing  of  the  bell.  Where  it  is 
difficult  to  locate  the  definite  point  of  ground,  a  voltage,  pref- 
erably alternating  current,  should  be  applied  between  the 
commutator  and  shaft  with  a  resistance  in  the  circuit  to  limit 
the  flow  of  current,  and  continued  until  smoke  appears  at  the 
grounded  point. 

After  the  point  of  ground  has  been  located,  the  repair  of 
course  will  depend  upon  the  condition  found.  If  the  trouble 
is  due  to  chips  or  metal  particles,  they  should  be  removed 
and  the  damaged  insulation  repaired  as  described  on  Page  247. 
A  ground  resulting  from  moisture  or  collections  of  dirt  or 
current-carrying  material  can  be  easily  removed  by  thorough 
cleaning  unless  the  insulation  has  been  impaired.  Armature 
coils,  grounded  in  the  slot  portions  or  end  windings  as  a  result 
of  loose  laminations  or  space  blocks,  chafing  or  rough  handling, 
usually  require  replacement  of  the  damaged  coils.  Flashing 
over  to  the  ground  due  to  short-circuits  or  sudden  swings  of 
load  results  in  the  formation  of  a  carbonized  path  from  the 
live  circuit  to  the  ground  and  such  paths  should  be  given  a 
coat  of  insulating  varnish  after  all  of  the  carbonized  material 
has  been  completely  removed.  Where  a  ground  is  due  to 
loose  laminations  cutting  through  the  coil  insulation,  it  is  use- 
Jess  to  attempt  to  rewind  the  armature  until  effective  repairs 
have  been  made  upon  the  core,  as  given  on  Page  195. 

OVERLOADS  AND  VARIABLE  LOADS 

Symptoms — Sparking. 

High  Temperatures. 

Overloading  a  machine  beyond  its  rated  capacity  results  in 

sparking,  accompanied  by  heating  and  glowing  of  the  brushes 

12 
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due  to  the  excessive  current  which  they  are  carrying.  A 
machine  sparks  when  overloaded  because  of  the  high  current 
density  in  the  brushes,  high  maximum  volts  between  segments 
due  to  a  change  in  the  wave  shape  of  the  voltage  curve,  high 
armature  reaction  causing  a  shifting  of  the  neutral  point,  im- 
proper adjustment  of  the  fields  caused  by  the  overheating  of 
adjusting  shunts  and  unbalanced  circuits  in  the  armatui-e 
winding.  The  sparking  is  of  such  a  nature  as  to  damage  both 
the  brushes  and  the  commutator,  whose  surface  will  be  burned 
and  discolored  due  to  heating  especially  if  the  overload  is 
allowed  to  continue  over  too  long  a  period.  The  manufacturer's 
guarantee  is  stamped  on  the  nameplate  on  modern  machines 
and  the  conditions  outlined  should  not  be  exceeded.  When 
the  normal  load  is  exceeded  for  short  periods,  commutation 
is  usually  the  limiting  feature.  Unless  the  overload  exceeds 
25  per  cent,  for  more  than  two  hours  on  machines  up  to  three 
hundred  kilowatts  with  voltages  up  to  two  hundred  fifty,  no 
permanent  damage  should  result.  The  momentary  overload 
for  such  machines  is  from  50  to  75  per  cent.  Above  250  volts, 
the  usual  two  hour  overload  guarantee  is  50  per  cent,  with  a 
possible  momentary  overload  of  100  per  cent.  Machines 
which  are  maximum  rated  are  designed  to  operate  with  a  high 
brush  density  and  no  overload  is  provided  for,  such  machines 
will  be  seriously  damaged  by  the  overheating  of  the  brushes 
and  the  commutator  as  well  as  the  windings,  if  an  overload  is 
allowed  to  exist. 

Sparking  results  from  a  variable  load  because  of  the  con- 
tinuous shifting  of  the  neutral  point  in  machines  not  equipped 
with  commutating  poles.  Sparking  on  a  machine  designed 
with  commutating  poles  is  due  to  the  failure  of  the  current  to 
pass  through  the  commutating  fields  which  are  inductive  as 
compared  with  the  shunt  across  the  commutating  field  which 
is  practically  non-inductive  except  in  special  cases.  Swings 
in  the  load  current  will  pass  through  the  non-inductive  circuit 
and  sparking  results  because  the  armature  reaction  is  not 
compensated  for  by  the  commutating  pole  as  the  current  does 
not  pass  through  the  commutating  pole  windings  at  the  time 
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of  the  swing.  Machines  designed  for  service  where  the  load 
is  very  unsteady  such  as  railways,  hoists  and  elevators  should 
have  no  shunt  across  the  commutating  field  unless  the  shunt 
is  made  of  the  inductive  type  to  force  the  current  through  the 
commutating  fields  at  all  times.  If,  however,  the  commutating 
windings  are  proportioned  so  as  to  require  very  little  shunting, 
the  ohmic  resistance  of  the  small  shunt  necessary  is  nearly 
always  sufficient  to  cause  current  enough  to  pass  through  the 
windings  even  on  the  swings  to  make  commutation  successful. 
A  variable  load  may  also  cause  variation  in  the  speed  of  the 
prime  mover  and  the  surging  or  hunting  under  such  conditions 
may  cause  sparking  unless  the  machine  has  a  very  wide 
neutral  and  a  large  margin  in  commutation  constants.  A 
sudden  application  of  the  load  will  cause  a  drop  in  speed  and 
voltage  and  in  case  the  unit  is  running  in  multiple  with  other 
machines,  there  may  be  a  tendency  to  motor  and  flash  at  the 
commutator  but  this  is  unusual  and  the  equalizer  bus  will 
practically  always  prevent  serious  trouble.  A  commutating- 
pole  machine  operating  on  a  highly  fluctuating  load  may  be 
materially  improved  in  regard  to  commutation  if  the  non- 
inductive  shunt  is  entirely  removed  from  the  fields  but  this 
requires  that  the  air  gap  between  the  commutating  pole  and 
the  armature  be  increased  to  prevent  overcompensation  for 
the  armature  reaction.  Frequently,  however,  this  increase  of 
the  air  gap  upsets  the  proper  relation  between  the  slot  pitch 
and  the  thickness  of  the  commutating-pole  tip  resulting  in 
faulty  commutation.  For  this  reason,  it  is  advisable  to  shift 
the  brushes  forward  in  the  direction  of  rotation  when  the  shunt 
is  removed  rather  than  change  the  air  gap  unless  the  operator 
is  experienced  in  making  such  adjustments.  The  forward 
shifting  of  the  brushes  requires  a  stronger  field  than  is  required 
when  the  brushes  are  directly  on  the  neutral  point  for  the 
reason  that  the  conductors  under  commutation  are  operating 
in  the  fringing  of  the  flux  from  the  commutating  poles.  To 
avoid  trouble,  with  voltage  regulation  and  parallel  operation, 
it  should  be  remembered  that  the  forward  shift  will  make  it 
necessary  to  strengthen  the  series  field  to  hold  the  voltage 
at  the  value  obtained  before  the  shifting  of  the  brushes. 
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POORLY  BALANCED  ARMATURE 

Symptoms — Mechanical  Sparking. 

Vibration  of  Supporting  Bearings. 

An  armature  should  be  in  perfect  electrical  and  mechanical 
balance.  The  electrical  balance,  that  is,  the  equahzing  of 
the  resistances  of  the  conductor  paths  so  as  to  cause  equal 
currents  to  flow  in  all  parts  of  the  armature  is  effected  in 
multiple-wound  armatures  by  the  use  of  equalizers,  which 
consist  of  copper  conductors  connecting  all  points  of  equal 
potential.  They  are  usually  placed  on  the  back  end  of  the 
armature  but  may  be  located  on  the  front  end  just  back  of 
and  connected  to  the  commutator  risers  or  leads.  No  equal- 
izers are  used  on  series-wound  armatures  since  each  conductor 
passes  under  all  of  the  poles  in  succession  before  it  is  connected 
to  the  next  conductor  at  the  commutator  segments  and  the 
coil  is  therefore  electrically  balanced  within  itself.  To  insure 
against  electrical  unbalancing,  even  though  the  armature  is 
equipped  with  equalizers,  care  should  be  exercised  to  see  that 
all  air  gaps  are  made  uniform  by  means  of  the  liners  or  shims 
provided  under  the  pole  pieces.  Unbalanced  armature  circuits 
come  as  a  result  of  unequal  brush  spacing,  loose  connections 
and  unequal  spring  pressure  on  all  brushes,  the  effects  of  and 
remedies  for  which  have  been  discussed  in  previous  articles. 

So  important  is  the  mechanical  balance  of  an  armature  that 
manufacturers  give  each  part,  such  as  the  commutator,  arma- 
ture spider,  and  assembled  core,  with  and  without  windings,  a 
separate  static  balance  and  after  all  assembly  and  winding, 
including  the  final  dipping  or  spraying  of  the  insulating  com- 
pound and  finishing  of  the  commutator  has  been  completed, 
a  very  accurate  static  and  dynamic  balance  is  given.  A  poorly 
balanced  armature  will  cause  vibration  resulting  in  sparking 
at  the  brushes  and  increased  wear  of  the  bearings.  The 
sparking  is  of  a  mechanical  nature,  existing  at  all  loads  and 
doing  no  particular  harm  to  the  brushes  or  commutator,  and 
is  lacking  in  the  snap  of  the  electrical  spark.  All  brushes 
may  spark  at  the  same  time  or  they  may  spark  successively 
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around  the  commutator.  An  intermittent  vibration  may  be 
^5et  up  in  the  brush  rigging  so  that  the  brushes  will  alternately 
vibrate  and  settle  down.  The  unbalancing  may  be  caused  by 
careless  workmanship  in  the  factory  but  frequently  the  failure 
to  bring  both  halves  of  the  coupling  into  perfect  alignment, 
in  the  case  of  engine-driven  or  motor-generator  sets,  will  upset 
the  entire  balance.  This  will  also  occur  if  the  faces  of  the 
half  couplings  are  not  perfectly  true  or  if  burrs  or  ridges  pre- 
vent a  perfect  joint.  A  sprung  shaft,  damaged  in  shipment 
or  handling  will  also  cause  this  trouble.  When  armatures  are 
rewound  in  service,  careful  attention  should  be  given  to  the 
proper  location  of  binding  bands,  clips  and  soldered  spots, 
particularly  in  smaller  machines  as  some  manufacturers  de- 
pend upon  these  features  for  their  final  balance  An  infre- 
quent but  serious  cause  of  unbalancing  is  due  to  some  of  the 
brushes  sticking  in  the  holders  instead  of  moving  freely  with 
the  commutator. 

The  remedies  for  the  above  causes  of  mechanical  unbal- 
ancing are  obvious  and  all  points  mentioned  should  be  checked, 
particularly  the  shaft  for  springing.  This  may  be  done  with 
a  shaft  indicator  or  by  means  of  a  piece  of  chalk  held  firmly  in 
position  so  that  it  will  just  touch  the  high  side  of  the  shaft 
in  case  it  runs  out  of  true.  If  all  tests  indicate  that  the 
armature  was  poorly  balanced  when  shipped  from  the  factory, 
weights  must  be  added  by  drilling  and  tapping  in  screws  in 
the  armature  spider  arms  or  end  flanges  as  far  from  the  shaft 
axis  as  possible  so  as  to  reduce  the  size  of  the  weight  to  a 
minimum  The  location  of  these  weights  must  be  determined 
by  experiment  or  cut  and  try  methods  if  the  armature  is  to 
be  balanced  in  its  own  bearings.  The  use  of  a  piece  of  chalk 
held  rigidly  against  a  pole  piece  in  such  a  position  that  the 
high  side  of  the  armature  core  will  just  touch  at  each  revo- 
lution, will  give  a  starting  point  for  adding  the  balancing 
weight  which,  of  course,  should  be  placed  diametrically 
opposite  to  the  center  of  the  chalk  mark. 

Pockets  for  receiving  lead  balancers  are  provided  on  the 
inside  circumference  of  armature  flanges  in  most  machines. 
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Where  it  is  necessary  to  add  a  very  substantial  weight  this 
weight  should  be  divided  into  two  parts  placed  one  at  each  end 
of  the  armature. 

FAULTY  DESIGN 

Poorly  designed  motors  and  generators  never  give  real 
satisfaction,  because  they  possess  inherent  faults  which  limit 
the  operation  to  such  an  extent  as  to  practically  remove  all 
flexibihty  and  adaptabiUty  to  different  ranges  of  service. 
A  well-designed  machine  offers  a  generous  leeway  in  heating, 
commutation,  voltage  and  speed  regulation  and  thereby 
greatly  increases  its  sphere  of  usefulness.  The  most  common 
faults  in  design  which  affect  the  successful  commutation  of 
the  machine  are  too  much  voltage  between  segments,  too  great 
an  armature  reaction  with  a  low  main  field  flux,  high  brush 
density,  too  few  equalizers,  insufficient  air  gap,  excessive 
commutator  speed  and  improperly  located  connection  strips. 
In  a  great  many  cases,  troubles  attributed  to  faulty  design  are 
directly  traceable  to  incorrect  application  and  a  study  of  the 
local  conditions  surrounding  the  installation  and  of  the 
fitness  of  the  machine  to  meet  the  demands  of  the  service 
should  be  made. 

The  permissible  voltage  between  segments  depends  upon 
the  type  of  machine  and  the  requirements  of  the  service. 
Machines  designed  for  constant  loads  will  operate  successfully 
with  a  voltage  between  segments  as  high  as  twenty  volts  while 
a  machine  operating  on  a  highly  fluctuating  load  should  be 
designed  with  an  average  voltage  between  segments  not  to 
exceed  fifteen  volts.  These  values  refer  to  machines  equipped 
with  commutating  poles  as  units  without  commutating  poles 
should  have  the  values  reduced  25  to  50  per  cent.  Gener- 
ators even  though  designed  with  commutating  poles,  oper- 
ating in  locations  where  exposed  to  moisture  or  collections 
of  dirt,  should  likewise  be  considered  under  this  latter  class 
and  should  carry  the  reduced  voltage  between  segments. 
While  it  is  desirable  to  have  a  low  voltage  between  segments, 
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it  is  not  always  practical  since  an  increased  number  of  com- 
mutator segments  always  results  in  a  cprresponding  increase 
of  armature  conductors,  and  thus  builds  up  a  high  armature 
reaction.  Low  voltages  between  segments  insures  against 
flashing  over  under  heavy  swings  of  load  or  short-circuits 
while  high  voltages  per  bar  make  a  machine  subject  to  flashes 
at  the  commutator,  causing  a  burning  of  the  brushes  and  the 
commutator  surface  when  the  current  passes  between  studs 
of  opposite  polarity.  Volts  between  segments  may  be  cal- 
culated by  dividing  the  line  voltage  by  the  number  of  seg- 
ments between  the  center  of  negative  and  positive  brushes, 
or  by  multiplying  the  line  voltage  by  the  number  of  poles 
and  dividing  by  the  total  number  of  commutator  segments. 
On  machines  not  designed  with  commutating  poles  where  the 
main  field  temperatures  are  low  enough  to  permit  an  increase 
in  the  main  field  gap,  shims  or  liners  between  the  main  field 
pole  and  the  frame  should  be  removed.  This  increase  in  air 
gap  will  in  a  measure  reduce  the  shifting  of  the  main  field 
flux  on  the  pole  faces  and  as  a  result  the  shift  of  the  brushes 
from  their  neutral  point  may  be  reduced,  thus  cutting  down 
the  cross  magnetization  of  the  armature  conductors,  which 
lowers  in  turn  the  maximum  peak  or  voltage  between  seg- 
ments usually  found  near  the  trailing  pole  tips.  With  a  ma- 
chine equipped  with  commutating  poles,  there  is  no  remedy 
when  the  voltage  between  segments  is  too  high,  save  rebuilding 
the  armature. 

When  a  machine  is  designed  with  an  armature  reaction, 
exceeding  10,000  ampere  turns  per  pole  and  a  very  low  main 
field  flux  in  comparison,  such  as  in  machines  constructed  for 
electrolytic  work,  the  main  field  air  gap  should  be  made  as 
large  as  possible  by  the  removal  of  shims  in  order  to  reduce  the 
attendant  sparking  and  instability,  when  it  is  desired  to 
operate  at  a  voltage  below  the  normal  rating  and  at  the  same 
time  maintain  the  rated  armature  current.  The  sparking  is 
occasioned  in  this  case  by  an  interaction  between  the  armature 
reaction  and  the  main  field  flux  as  described  in  the  preceding 
paragraph.     The    allowable    brush    densities   for   successful 
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commutation  have  already  been  given  on  Page  132.  If  it 
should  be  desired  to  operate  a  machine  for  a  greater  output  and 
stay  within  the  limits  of  the  current-carrying  capacities  of  the 
brushes,  another  brush  may  be  added  to  each  stud  if  the  length 
of  the  commutator  permits  or  a  wider  brush  may  be  sub- 
stituted, provided  that  the  design  of  the  unit  is  such  as  to 
permit  the  change.  Heating  and  commutation  should  be 
considered  as  the  limiting  features  in  the  event  of  increasing 
the  output  of  the  machine.  It  is  advisable  to  consult  the 
manufacturer  when  such  changes  are  contemplated  unless  the 
operator  is  familiar  with  the  design. 

Modern  armatures  of  the  multiple  wound  type  are  equipped 
with  at  least  one  equalizer  tap  for  each  slot,  which  results  in 
an  evenly  balanced  armature  and  more  satisfactory  commuta- 
tion than  if  the  armature  had  no  or  too  few  equalizers.  These 
equalizers  are  copper  connections  of  low  resistance,  connecting 
together  all  points  of  equal  potential  in  the  armature  winding. 
For  example,  the  armature  conductors  exactly  under  the  center 
of  all  poles  of  like  polarity  are  joined  together  since  the  rela- 
tion of  all  of  these  conductors  with  respect  to  the  fields  is  not 
changed  throughout  the  revolution  of  the  armature.  After 
the  first  connection  has  been  made  a  complete  set  of  equalizers 
may  be  correctly  installed  by  simply  progressing  around  the 
armature.  Equalizers  may  be  connected  either  at  the  back 
end  of  the  armature  or  directly  to  the  commutator  segments 
on  the  front  end. 

The  lack  of  equalizers  or  an  insufficient  number  of  them 
will  produce  blackened  segments  on  the  commutator,  usually 
unevenly  spaced  on  the  surface  and  caused  by  an  excessive 
flow  of  current  through  the  brushes  and  bus  rings  where 
the  unbalancing  in  the  armature  circuits  is  an  appreci- 
able amount.  The  blackened  segments  may  also  appear 
where  the  armatm-e  is  fully  equalized  and  in  the  advent  of 
such  a  condition,  soldered  connections  either  on  the  equalizei"S 
and  clips  or  commutator  risers  should  be  examined,  as  it 
will  be  found  that  the  blackening  is  practically  always  due  to 
a  loose  or  poor  connection.    The  heavy  exchanges  of  current 
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through  the  various  armature  paths,  where  the  machine  has 
no  or  too  few  equalizers,  will  result  in  the  eventual  annealing 
of  the  commutator  segment  accompanied  by  sparking  and  the 
formation  of  low  and  fiat  spots  on  the  commutator.  To 
determine  whether  or  not  trouble  is  being  experienced  because 
of  too  few  equalizers,  first  examine  all  soldered  connections 
on  the  armature  and  insure  their  tightness.  Then  remove  the 
blackened  spots  on  the  commutator  with  fine  sandpaper  and 
prick  punch  the  affected  segments.  Upon  again  placing  the 
machine  in  service,  it  should  be  noted  whether  or  not  the 
same  bars  blacken  again.  In  the  advent  of  the  reappearance 
of  the  blackening  at  the  same  points,  the  machine  should  be 
fitted  with  additional  equalizers,  preferably  with  a  sufficient 
number  to  provide  a  tap  for  each  slot.  When  an  armature  is 
wound  with  more  than  two  bars  per  slot  and  each  bar  is  con- 
nected to  a  commutator  segment,  one  equalizer  connection 
per  slot  may  not  be  sufficient,  in  which  case  it  is  good  practice 
to  connect  an  equalizer  tap  to  every  other  end  clip.  Where 
the  armature  bars  are  so  connected  by  end  clips  as  to  make  up 
an  armature  coil  consisting  of  more  than  one  turn,  one  equa- 
lizer tap  per  coil  is  sufficient. 

The  actual  addition  and  placing  of  the  equalizers  on  the 
armature  is  described  on  page  248. 

Insufficient  air  gap  will  cause  sparking  at  all  of  the  brushes 
on  machines  designed  without  commutating  poles  by  permit- 
ting the  shifting  of  the  neutral,  due  to  cross  magnetization  of 
the  armature  conductors.  If  the  air  gap  is  very  small  on  a 
commutating  pole  unit,  sparking  will  result  from  the  local 
magnetic  circuit  because  two  or  more  armature  teeth  are 
being  practically  closed  by  the  commutating  pole  tip.  Shift- 
ing of  the  neutral  in  this  case  is  prevented  by  the  commutating 
pole  and  very  small  main  gaps  may  be  employed  as  compared 
with  those  on  non-commutating  pole  types.  However,  it 
should  also  be  remembered  that  the  use  of  very  small  air  gaps 
is  accompanied  by  high  temperatures  of  the  armature  and 
pole  face  laminations  due  to  excessive  core  loss.  The  obvious 
remedy  for  an  insufficient  air  gap  is  to  increase  the  gap  by  the 
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removal  of  shims  or  liners  under  the  poles,  being  careful  to 
keep  the  gap  uniform. 

In  modern  practice,  commutators  will  operate  successfully 
with  a  surface  speed  as  high  as  6000  feet  per  minute.  Above 
this  value  successful  commutation  is  difficult  to  obtain  as  the 
brushes  cannot  follow  the  slight  irregularities  in  the  commu- 
tator surface  and  sparking  will  result.  When  sparking  results 
from  excessive  commutator  speed,  a  reactive  or  leading  type 
brush  holder  should  be  fitted  with  an  angle  of  from  thirty  to 
forty  degrees  from  the  vertical. 

If  the  connection  strips  connecting  the  series  and  commutat- 
ing  coils  are  not  arranged  so  as  to  prevent  the  forcing  of  the 
armature  in  one  direction  at  all  times  when  under  load,  spark- 
ing may  result  from  a  continuous  pounding  of  the  thrust 
collars  or  oil  deflectors  against  the  bearing  linings  and  grooving 
of  the  commutator  is  very  apt  to  follow.  The  current  in  the 
connection  strips  should  be  carried  in  opposite  directions 
around  the  shaft  so  as  to  permit  the  armature  to  float  freely 
in  its  bearings  and  not  be  affected  by  the  fields  set  up  by  the 
current  in  the  strips.  Causing  the  current  to  flow  in  opposite 
directions  neutralizes  the  magnetic  effect  because  one  field 
opposes  the  other.  Where  it  is  not  convenient  on  machines 
already  installed  to  change  the  connections  to  the  fields  so  as 
to  neutralize  the  magnetic  effect,  the  line  current  may  be 
carried  around  the  shaft  through  a  cable  in  a  direction  which 
will  rectify  the  trouble  and  this  remedy  is  often  resorted  to. 
The  cable  may  be  either  cleated  to  the  magnet  frame  or  to 
the  bearing  housing. 
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ARMATURE  TROUBLES 

Failure  op  Insulation — Short-circuited  and  Reversed 
Armature  Coils — Heating — Dirty  Armature — ^Loose 
Cores 

FAILURE  OF  INSULATION 

Failures  of  insulation  may  be  classified  as  local  and  general, 
depending  upon  whether  the  puncture  or  breakdown  is  re- 
stricted to  a  small  section  of  the  insulation  or  whether  the 
fabric  or  insulating  material  is  disintegrated  and  rendered 
useless  over  the  entire  coil.  A  failure  of  the  insulation  in  the 
armature  is  first  detected  by  a  short-circuit  or  ground  followed 
by  smoke  and  high  temperatures  together  with  sparking  at 
the  commutator.  Machines  are  designed  to  be  equipped 
with  kinds  and  thicknesses  of  insulation  depending  upon  the 
nature  of  the  service,  which  makes  it  inadvisable  to  load  a 
machine  beyond  its  normal  rating  unless  the  operator  is 
familiar  with  the  temperature  limits  of  the  class  of  insulation 
employed. 

The  following  materials  used  in  their  natural  state,  that  is, 
without  treatment  or  impregnations,  will  withstand  a  maxi- 
mum temperature  of  95°  Centigrade  without  damage :  cotton, 
silk,  paper  and  similar  materials.  When  treated,  impreg- 
nated with  insulating  varnishes,  or  immersed  in  oil,  these 
materials  will  safely  withstand  a  maximum  temperature  of 
105°  Centigrade. 

Mica,  asbestos  and  other  materials  capable  of  resisting 
high  temperatures,  will  withstand  a  maximum  temperature  of 
125°  Centigrade.  The  use  of  materials  of  the  lower  tempera- 
ture class  as  binders  for  the  second  or  heat  resisting  type 
makes  it  necessary  to  keep  the  maximum  temperature  limit 
at  105°  Centigrade  for  treated  insulation  and  at  95°  Centigrade 
when  untreated,  unless  the  binders  may  be  destroyed  after  the 
windings  are  in  place  without  damaging  the  remaining  insula- 
tion. Pure  mica,  porcelain  or  quartz  have  no  fixed  tempera- 
ture limits. 
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The  following  table  gives  the  typical  insulation  represen- 
tative of  the  best  practice  used  on  direct-current  machines 
operating  at  voltages  of  500  and  below,  where  the  normal 
guarantee  of  temperature  rise  does  not  exceed  35  to  40  degrees 
Centigrade  followed  by  25  to  50  per  cent,  overload  for  two  hours 
with  a  temperature  rise  not  to  exceed  55  degrees  Centigrade. 


Bar  Wi'ndi'ng 


'^^^^^^Z^ 


I  L''^   i 

C/V'is  Section 
Without  Wedge 


4  Clearance ^  K 


J-I-JLmc.'! 

--♦l.^5-/1«— 


Cr^ss  Section 
Witti  Weetge 


Fig.  99. 


BAR  WINDING 

Insulation  for  Armatiu'e  Conductors  in  Slot  Without  Wedge 

Around  each  conductor — Cotton  tape  butted  and  varnished. 

Vertical  separator  5  to  10  Mil  paper. 

Around  each  group  of  conductors — 2K-inch  wraps  varnished  cloth, 
lap  on  side. 

Around  each  group  of  conductors — Cotton  tape  butted  and  varnished. 

Slot  armor — Horn  fiber  at  sides  and  bottom  of  slot. 

Insulation  for  Armature  Conductors  Outside  of  Slot 

Around  each  conductor — Cotton  tape  half  lapped  and  varnished. 

Around  each  group  of  conductors — Cotton  tape  half  lapped  and 
varnished. 

This  insulation  requires  a  width  clearance  of  0.10  inch  where 
two  bars  per  slot  are  employed  and  0. 17  inch  with  eight  bars 
per  slot.  The  depth  clearance  without  the  wedge  is  0.150 
inch. 

The  table  below  gives  the  insulation  as  used  on  a  maximum 
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rated  machine  of  500  volts  or  more,  that  is,  a  continuous 
rating  without  overloads  designed  for  a  temperature  rise  of 
50  degrees  Centigrade.  The  insulation  varies  in  the  width 
clearance  from  0. 10  inch  for  two  bars  per  slot  to  0. 16  inch  where 
eight  bars  are  used.     The  depth  clearance  is  0.17  inch. 

INSULATION  FOR  ARMATURE  CONDUCTORS  IN  SLOT  WITH- 
OUT WEDGE 

Around  conductor — Mica  tape,  half  lap. 

Around  group  of  conductors — 2K  wraps  mica  paper.     Lap  on  side. 
Around  group  of  conductors — Cotton  tape,  half  lap,  varnish. 
Around  group  \yi  wraps — Horn  fiber.     Lap  on  side. 

Insulation  for  Armature  Conductors  Outside  of  Slot 
Around  conductor — Mica  tape,  half  lap. 
Around  group  of  conductors — Cotton  tape,  half  lap,  varnish. 


Back  End 

^  Unbleachec/  Musti'n 
'"', -Press  Boarct 
•'^,^Press  Boa  ret 

■Unb/'eached  Maslin 


Comtrful-ator  End 


-Unb/eacheo/  Mus/in 
i-Reet  Paper 
■■■  Varnisheo/  C/ofh 
■■■■Reel  Paper 
—  Varnishea  C/oth 

i Pec/  Paper 

■  Unbleacheol  Mus/in 

Fig.  100. — Sketch  showing  insulation  for  armature  flanges. 

The  above  sketch  shows  the  method  of  insulating  armature  flanges  and  materials 
.used.  On  high  temperature  or  high  voltage  (1000  or  above)  units,  heat  resisting  mat- 
erials such  as  mica  placed  between  sheets  of  horn  fibre  with  all  layers  arranged  to  break 
joints  should  be  substituted  for  the  insulation  shown. 

Above  500  volts,  the  insulating  thicknesses  are  increased 
corresponding  to  the  increases  of  voltages  and  above  1000 
volts,   mica  insulation  should   be  used  exclusively.    Total 
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width  clearances  in  machines  above  500  volts  vary  from  0.14 
inch  with  two  bars  per  slot  to  0.2  inch  with  eight  bars  while 
the  depth  clearance  not  including  the  wedge  thickness  is 
0.275  inch.  Armature  conductors  made  up  of  two  or  more 
laminations  in  multiple  should  have  the  individual  laminations 
thoroughly  varnished  before  assembling.  Equalizer  rings  are 
insulated  in  the  same  manner  as  the  armature  windings  to 
which  they  are  connected.  The  insulation  between  upper 
and  lower  layers  of  end  windings  is  made  up  of  fibre  where 
the  voltage  does  not  exceed  500  and  of  mica  sheets  placed 
between  two  layers  of  fibre  with  higher  voltages. 

SHORT-CIRCUITED  AND  REVERSED  ARMATURE  COILS 

A  short-circuited  armature  coil,  usually  caused  by  a  failure 
of  the  insulation  between  the  conductors  and  the  ground,  or 
more  particularly  between  adjacent  conductors  resulting  from 
movement  of  the  coils  in  service  will  be  evidenced  by  severe 
heating  of  the  short-circuited  coil,  smoke  and,  if  the  action  is 
allowed  to  continue,  by  the  complete  destruction  of  the  insula- 
tion. The  unit  should  be  completely  shut  down  immediately, 
(it  is  not  sufiicient  to  simply  open  the  field-circuit  as  the  resid- 
ual magnetism  will  continue  the  action) ,  and  the  location  of  the 
faulty  coil  determined  by  noting  with  the  hand  which  conductor 
has  the  highest  temperature.  When  the  coil  has  been  located 
a  careful  inspection  should  be  made  to  determine  the  source  of 
the  trouble.  Particular  attention  should  be  paid  to  the  con- 
nections at  the  commutator  and  those  segments  directly 
connected  to  the  hot  coils  to  insure  that  the  trouble  is  not  at 
the  surface  before  removing  the  wedges  and  binding  bands 
preliminary  to  removing  the  coils.  If  a  careful  search  fails  to 
reveal  any  external  causes  for  the  short-circuit,  the  binding 
bands  should  be  cut,  the  wedges  removed  and  the  coils  care- 
fully lifted  out.  Should  no  damage  to  the  insulation  on  the 
coils  be  apparent,  due  to  the  excessive  current  which  it  has  been 
carrying  except  at  the  point  of  break  down,  repairs  may  be 
effected  by  the  application  of  insulating  varnish,  varnished 
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cambric,  oiled  linen,  varnish  treated  paper  or  sheet  mica. 
Where  the  insulation  on  the  coil  has  been  severely  burned  or 
charred  it  is  necessary  to  replace  the  coil  as  described  on  Page 
242,  or  to  entirely  reinsulate  it  with  any  of  the  above  materials. 
After  any  of  these  repairs  have  been  made,  the  entire  armature 
should  be  thoroughly  baked  out  at  a  temperature  not  less  than 
100  degrees  Centigrade  until  all  solvents  in  the  varnishes  used 
have  been  driven  out.  The  wedges  and  binding  bands  should 
then  be  replaced.  Upon  replacing  the  machine  in  service,  a 
light  load  should  be  applied  for  several  minutes  while  a  careful 
inspection  is  made  to  insure  against  a  repetition  of  the  old 
trouble. 

The  probability  of  a  machine  developing  armature  trouble 
due  to  a  reversed  armature  coil  is  very  slight,  especially  if  the 
unit  has  just  been  shipped  from  the  factory,  for  practically  all 
types  are  given  a  test  before  shipment.  However,  in  replacing 
coils  in  service  it  is  possible  to  connect  in  the  coil  reversed 
with  respect  to  the  other  conductors,  which  causes  the  voltage 
generated  in  the  new  coils  to  oppose  that  generated  in  the  re- 
mainder of  the  armature.  This  error  does  not  occur  in  replac- 
ing form-wound  coUs  made  up  of  copper  bars,  for  here  the 
structure  of  the  coil  shows  definitely  which  slot  portion  is  to 
go  in  the  upper  and  which  in  the  lower  winding  section.  It  is 
impossible  with  bar  windings  to  cross  the  leads  and  at  the 
same  time  make  connections  with  the  commutator  segments. 
Wire-wound  coils,  either  form,  or  hand-wound  composed  of 
several  turns  per  coil  may  easily  have  their  leads  crossed  when 
the  connections  to  the  commutator  are  made  with  the  result 
that  the  coil  is  placed  in  a  reversed  position  with  respect  to 
the  other  conductors. 

A  generator  having  an  armature  containing  a  reversed 
coil  cannot  be  brought  up  to  full  voltage  easily  under  normal 
load  conditions  and  it  may  require  excessive  field  current  to 
produce  its  rated  voltage.  The  field  margin  is  thus  exhausted 
and  it  is  impossible  to  hold  the  voltage  at  the  required  value 
under  conditions  of  overload  or  in  parallel  operation.  A  motor 
operating  with  a  reversed  coil  will  exceed  its  rated  speed 
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since  the  counter  electromotive  force  is  reduced  by  the  amount 
of  voltage  generated  in  the  revei-sed  coil  and  the  difference 
must  be  compensated  for  by  a  rise  in  speed.  A  reversed  coil 
may  or  may  not  produce  commutation  trouble  depending  upon 
the  degree  of  liberality  of  design  of  the  unit  or  whether  one 
coil  is  but  a  small  percentage  of  the  total  number  of  coils  in  the 
armature.  The  faulty  commutation  is  evidenced  by  sparking 
at  each  set  of  brushes  successively  as  the  reversed  coil  passes 
beneath  it. 

Transposing  the  leads  of  the  reversed  coils  where  they  are 
connected  to  the  commutator  segments,  is  the  obvious  remedy 
for  a  reversed  coil  in  the  armature. 

HEATING 

The  two  limits  in  the  design  of  direct  current  machinery 
are  those  established  by  commutation  and  heating.  Heating 
results  from  copper,  iron  and  friction  losses  and  even  in  a  well 
designed  machine  these  may  vary  from  5  to  20  per  cent,  of  the 
total  power  output,  depending  upon  the  size  of  the  unit. 
Modern  machines  equipped  with  varnish  treated,  fire  proof 
and  heat  resisting  insulation  will  not  be  damaged  if  a  final 
temperature  of  100°  Centigrade  is  not  exceeded.  In  older 
units,  in  which  the  special  varnish  treatments  were  not  em- 
ployed and  such  insulating  materials  as  cotton,  oiled  linen 
and  varnished  cambric  were  made  use  of,  75  to  80°  should  be 
considered  as  the  maximum  safe  operating  temperature. 
Where  the  latter  insulating  materials  are  in  use,  higher  tem- 
peratures are  permissible  if  the  entire  insulation  is  treated  with 
a  bath  of  insulating  varnish  of  a  mineral  or  asphaltum  base. 

Iron  losses  in  direct  current  machines  exist  principally 
in  the  armature  core  and  air  ducts  are  provided  for  the  dissipa- 
tion of  the  heat  thus  engendered.  The  core  loss  is  directly 
proportional  to  the  thicknesses  of  the  laminations  making  up 
the  core,  the  frequency  of  the  generated  current  and  the  effec- 
tiveness of  the  insulation  between  laminations.  Core  heating 
is  often  occasioned  by  an  insufficient  air  gap  and  this  should 
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be  borne  in  mind  when  it  is  desired  to  operate  a  machine  above 
its  rated  voltage,  since  an  increase  in  speed  or  a  reduction  in 
air  gap,  while  producing  the  desired  voltage  will  also  materially 
increase  the  core  heating.  In  the  rebuilding  of  a  core  the 
insulation  between  laminations  must  be  made  as  perfect  as 
possible,  in  order  to  reduce  the  eddy  currents  to  a  minimum, 
by  the  use  of  quick  drying  japan  or  by  oxidation,  that  is, 
by  simply  permitting  the  laminations  to  gather  an  accumula- 
tion of  rust  where  the  preceding  insulating  material  has  been 
removed.  Iron  losses  are  also  found  to  a  lesser  degree  in  the 
pole  pieces,  particularly  at  the  pole  faces.  Copper  losses 
(Current^  X  Resistance)  in  the  armature  and  fields  produce 
another  source  of  heating  and  combined  with  that  caused 
by  the  iron  losses,  present  a  trouble  which  must  be 
combatted  by  successful  ventilation.  Inasmuch  as  the  copper 
loss  varies  as  the  square  of  the  load  current,  extremely  high 
swings  of  load  must  be  avoided  unless  the  machine  is  designed 
for  such  service.  Eddy  currents  producing  heating  in  the 
armature  conductors  are  guarded  against  and  reduced  by 
providing  in  the  design  for  thin  laminations  of  copper  instead 
of  a  solid  copper  bar — each  copper  strip  being  insulated  by  a 
film  of  insulating  varnish. 

Failure  to  keep  the  air  ducts  clear  and  free  from  all  deposits 
of  dirt  and  grease  will  obstruct  the  proper  ventilation  with 
resulting  high  temperatures.  If  the  heating  generated  by 
the  iron  and  copper  losses  is  not  dissipated  by  a  free  and 
continuous  supply  of  cooling  air,  the  efficiency  of  the  unit  and 
its  length  of  life  will  be  greatly  decreased.  The  lowering  of 
the  efficiency  is  due  to  the  fact  that  the  resistance  of  the  con- 
ductors increases  with  a  rise  in  their  temperature.  A  unit 
which  is  not  limited  by  commutation  in  regard  to  overloads 
may  be  operated  satisfactorily  during  overload  if  the  tempera- 
ture is  kept  within  the  limits  mentioned  above  by  means  of  a 
fan  mounted  directly  on  the  shaft  or  an  independent  blower 
unit.  Should  the  commutator  temperature  be  the  limiting 
feature  during  overload,  slots  may  be  sawed  in  the  ends  of  the 
bars,  or  ventilating  vanes  from  1  to  13^^  inches  high  by  1  to 
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\}y'2  inches  wide  by  Hg  to  3^  of  an  inch  thick,  may  be  added  on 
the  outer  ends  of  the  bars  to  increase  the  radiation  surface. 
It  is  customary  to  install  the  ventilating  vanes  by  forcing 
them  into  slots  in  the  bars  and  soldering  to  insure  good  contact. 
Attempts  made  to  lower  commutator  temperatures  by  the 
use  of  separate  blowers  rather  than  by  an  increase  of  the 
radiation  surface,  have  given  disappointing  results  and  no 
material  advantage  can  be  gained  from  such  practice.  Parts 
of  prime  movers  such  as  engine  eccentrics  or  fly  wheel  hubs, 
couplings,  pulleys,  gears  and  bearings  should  not  be  so  placed 
as  to  obstruct  the  free  passage  of  air  to  the  commutator  spider 
on  the  one  end  and  the  armature  spider  on  the  other,  as  these 
two  points  are  the  locations  of  the  intakes  for  the  cooling  air 
passing  to  the  revolving  parts. 

DIRTY  ARMATURE 

Failure  of  insulation  resulting  in  grounds  and  short  circuits 
in  direct  current  machines  is  most  frequently  directly  traceable 
to  inattention  and  neglect  of  the  proper  cleaning  of  the  unit; 
while  high  temperatures  and  flashing  at  the  commutator  can 
often  be  attributed  to  the  same  source.  The  creepage  sur- 
faces at  both  ends  of  the  commutator  and  around  the  armature 
flanges,  the  air  ducts  in  the  core,  spaces  between  adjacent 
coils,  end  windings,  binding  bands  and  wedges  and  all  pockets 
where  dirt  and  grease  may  collect  should  be  subjected  to  a 
thorough  periodic  inspection  and  cleaning  at  least  once  each 
week.  In  the  cleaning,  the  armature  should  be  first  blown 
out  with  compressed  air  or  by  means  of  a  hand  bellows,  be- 
ginning at  the  back  or  coupling  end  and  blowing  toward  the 
commutator.  Parts  of  the  armature  inaccessible  to  the  air 
blast,  must  be  cleaned  by  hand  by  rubbing  with  a  piece  of 
waste  or  cloth.  If  the  collections  of  dust  and  lint  upon  the 
surfaces  and  in  tJie  crevices  have  combined  and  become  satu- 
rated with  oil,  grease  or  moisture,  the  air  blast  will  be  ineffec- 
tive and  the  coating  of  dirt  must  be  removed  by  rubbing  with 
waste  or  cloth  dampened  in  gasoHne  or  kerosene.    Lubricating 


TROUBLES  AND  THEIR  REMEDIES  195 

oil  should  not  be  used  for  this  purpose  as  it  will  attack  the  solv- 
ents in  the  compounds  used  in  the  insulating  materials  and 
will  also  provide  a  greasy  surface  for  the  further  collection  of 
dirt.  Creepage  surfaces,  exposed  end  windings  and  pockets 
where  dirt  may  collect  should  be  given  a  coating  of  insulating 
varnish,  applied  after  a  thorough  cleaning  at  least  once  each 
year  and  oftener  where  the  armature  is  exposed  to  moisture 
in  addition  to  the  usual  station  dirt. 

LOOSE  CORES 

It  is  very  infrequently  that  a  machine  develops  trouble  due 
to  a  loose  core,  but  where  this  difficulty  is  encountered,  practi- 
cally the  only  remedy  Ues  in  the  rebuilding  of  the  entire  arma- 
ture. The  core  may  be  tight  and  absolutely  rigid  when  first 
installed  but  if  subjected  to  a  continuous  vibration  or  series 
of  shocks  or  frequent  reversals,  the  laminations  may  become 
loose.  Armature  cores  are  built  up  in  several  ways,  by  mount- 
ing one  piece  laminations  directly  on  a  key  on  the  shaft  or 
spider  and  holding  the  assembled  core  with  end  flanges;  by 
mounting  the  laminations  on  through  bolts  without  a  spider,  in 
which  case  the  end  flanges  are  keyed  directly  to  the  shaft  (used 
where  the  outside  diameters  or  punchings  do  not  exceed  40 
inches)  or  by  building  up  cores  of  rings  of  punchings  made  in 
several  sections  and  used  where  the  outside  diameter  exceeds 
40  inches.  In  the  last  type,  the  spider  supporting  the  lamina- 
tions is  fitted  with  arms  machined  to  receive  dovetails  on  the 
inside  diameter  of  the  laminations.  In  the  first  two  construc- 
tions, where  the  cores  become  loose,  the  commutator  leads  or 
risers  become  broken  by  the  relative  movement  between  the 
core  and  the  commutator  and  a  thumping  or  grinding  noise  is 
noticeable  with  changes  of  load  or  speed.  The  core  may  be 
tightened  by  drawing  up  the  through  bolts  or  by  the  use  of 
dowels  placed  so  as  to  hold  the  end  rings  and  punchings 
together  and  other  dowels  placed  to  prevent  movement 
between  the  end  rings  and  the  spider. 

In  the  sectional  lamination  construction,  the  fit  of  the  dove- 
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tail  in  the  spider  arms  must  be  perfect  to  prevent  the  sectional 
I)unchings  from  moving  out  due  to  centrifugal  forces.  This 
movement  is  particularly  noticeable  at  the  air  ducts  and  here 
the  slot  armor  as  well  as  the  armature  coil  insulation  may  be 
cut  completely  through.  The  loosening  of  a  core  of  this  con- 
struction will  be  accompanied  by  a  pounding  and  grinding 
noise,  noticeable  at  starting  and  stopping.  Mechanical  un- 
balancing will  also  be  evident  as  the  unit  comes  up  to  its 
normal  speed.  A  trial  by  feelers  will  show  which  portion  of 
the  core  has  become  loosened  and  should  be  made  as  soon  as 
the  noise  is  detected  so  as  to  prevent  the  destruction  of  the 
insulation  by  the  protruding  laminations.  It  is  useless  in 
such  cases  to  attempt  to  dowel  the  laminations  to  the  end 
rings  and  the  placing  of  metal  shims  in  the  bottom  of  the  slots 
under  the  armature  conductors  to  prevent  the  outward  move- 
ment of  the  punchings  has  proved  unavailing.  The  core  must 
be  rebuilt  and  the  dovetails  shimmed  where  the  machine  work 
on  the  armature  spider  arms  is  found  to  be  defective.  At  the 
air  ducts  a  metal  piece  corresponding  in  shape  to  that  of  the 
dovetail  should  be  put  in  position  to  prevent  the  buckling  of 
the  dovetail  at  this  point  and  thus  allowing  the  lamination  to 
rise.  This  metal  block  should  have  the  same  thickness  as 
the  air  duct  in  the  core. 

In  rare  instances  of  severe  short  circuiting  in  the  armature, 
sufficient  heat  has  been  developed  to  burn  out  a  large  section 
of  the  laminations  in  the  core.  The  mistake  has  been  made 
in  the  replacement  of  such  burned  out  sections  of  substituting 
a  solid  metal  piece  with  the  result  that  the  immense  amount  of 
heat  generated  by  the  hysteresis  and  eddy  currents  soon  melted 
the  iron.  Laminated  sections  should  always  be  substituted 
when  making  repairs  of  this  nature  on  the  cores. 
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FIELD  TROUBLES 

Short  Circuits  and  Open  Circuits  in  Field  Coils — Re- 
versed Spools — Shunt  Adjustment — ^Loose  Pole 
Pieces — Compensating  Windings. 

SHORT  CIRCUITS  AND  OPEN  CIRCUITS  IN  FIELD  COILS 

Short  circuits  in  field  windings  whether  they  occur  in  the 
shunt,  series  or  commutating  fields  are  due  in  practically  all 
cases  to  a  failure  of  the  insulation  between  turns  or  layers.  A 
short  circuit  in  the  shunt  winding  of  a  generator  will  cause  a 
reduction  in  the  generated  voltage,  since  the  ampere  turns  are 
reduced  by  the  flow  of  the  current  directly  from  one  turn  to 
the  next  without  passing  around  the  core.  In  a  motor,  the 
speed  will  be  increased  by  a  short  circuit  in  the  shunt  field 
due  to  the  weakening  of  the  field  strength.  All  of  the  field 
coils  including  the  defective  one  will  show  a  higher  temperature 
than  under  normal  conditions  since  the  field  current  is 
increased  as  the  resistance  of  the  field  circuit  is  reduced  by 
the  short  circuited  turns.  The  failure  of  the  insulation  causing 
the  short  circuit  may  result  from  high  temperatures  or  from 
the  kick  of  the  induced  voltage  when  the  field  switch  is  suddenly 
opened.  To  insure  against  this  latter  trouble  a  small  coil 
having  a  resistance  equal  approximately  to  that  of  the  shunt 
field  should  be  connected  to  the  field  switch  and  the  field  termi- 
nals in  such  a  way  as  to  allow  the  field  to  discharge  through  the 
resistance  which  is  thrown  in  multiple  with  the  field  as  the 
switch  is  opened.  This  discharge  resistance  is  connected  to 
additional  clips  fitted  on  the  field  switch  so  that  the  blade  of 
the  switch  throws  the  resistance  in  the  circuit  at  the  instant 
the  field  is  opened.  Upon  rewinding  a  coil  whose  insulation 
has  failed  due  to  high  temperatures,  it  is  inadvisable  to  wind 
the  turns  more  than  one  and  one  quarter  inches  deep  unless  a 
ventilating  air  duct  is  introduced  or  the  layers  of  wire  are 
thoroughly  filled  with  insulating  varnish. 

A  short  circuit  in  the  series  coil  of  a  generator  will  cause  the 
machine  to  drop  its  voltage  and  also  to  drop  its  load  if  it  is 
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operating  in  multiple  with  other  units.  A  rise  in  speed  will 
be  noticed  in  a  motor.  In  the  commutating  field  a  short 
circuit  will  be  noted  by  sparking  at  the  commutator,  particu- 
larly at  the  stud  affected  by  the  defective  coil  although  all 
studs  may  spark  due  to  the  increase  of  the  current  through 
the  windings  when  the  resistance  of  the  field  is  reduced  by  the 
short  circuit.  The  obvious  remedy  for  a  short  circuited  coil 
is  to  rewind  and  renew  the  damaged  insulation  although  under 
emergency  conditions  if  the  short  circuit  occurs  in  the  outside 
of  the  coil,  it  will  suffice  temporarily  to  insert  insulating  mate- 
rial or  mechanical  separators  to  keep  the  layers  apart. 

An  open  circuit  in  the  field  winding  occurs  in  some  cases 
where  the  temperature  is  allowed  to  reach  a  point  at  which 
the  soldered  joints  will  fuse  and  run  but  usually  results  from 
accidents  or  rough  handling.  The  voltage  of  a  generator  will 
drop  and  the  speed  of  a  motor  will  increase  to  a  dangerous 
point  unless  the  circuit  breaker  or  fuse  opens  the  circuit.  If 
an  open  circuit  is  caused  by  damage  while  the  unit  is  not  in 
operation,  the  generator  will  fail  to  pick  up  and  the  motor 
will  refuse  to  start.  A  coil  in  which  an  open  circuit  occurs 
must  be  repaired  by  completing  the  circuit  so  as  to  connect 
the  damaged  coil  in  its  proper  relation.  The  coil  cannot  be 
bridged  over  or  cut  out  for  high  temperatures  and  commu- 
tation trouble  will  immediately  set  in. 

Grounds  in  the  field  circuit  may  cut  out  or  open  circuit  one 
or  more  coils  by  allowing  the  current  to  flow  through  the 
grounded  path  instead  of  the  field  circuit.  The  generator  or 
motor  with  a  grounded  field  coil  behaves  as  though  it  contained 
a  short  circuited  or  open  circuited  coil  and  for  this  reason  a  test 
should  be  made  tor  grounds  as  soon  as  the  symptoms  appear 
instead  of  attempting  immediately  to  treat  the  coil  for  a  short 
or  open  circuit.  The  test  and  repair  for  a  grounded  coil  is 
explained  on  pages  221  and  222.  The  coils  may  be  grounded 
temporarily  due  to  moisture  where  the  unit  is  located  in  a 
damp  place  and  not  operated  for  a  long  period  of  time.  Such 
a  ground  may  be  readily  removed  by  thoroughly  drying  out 
provided  no  attempt  is  made  to  operate  the  machine  before 
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the  drying  process.  The  appHcation  of  voltage  to  a  damp 
or  wet  machine  results  in  a  permanent  ground  necessitating 
extensive  repairs. 

A  ground  or  short  circuit  occurring  between  the  shunt  and 
the  series  field  will  cause  a  sudden  drop  in  voltage  in  a  gen- 
erator and  a  rapid  change  of  speed  in  a  motor.  The  fuses  in 
the  line  may  be  blown  out  or  the  circuit  breaker  opened  if  the 
ground  is  so  located  as  to  leave  very  httle  resistance  in  the 
circuit.  This  may  readily  occur  if  the  contact  point  between 
the  two  fields  is  located  very  close  to  the  opposite  polarity, 
that  is  having  but  a  small  percentage  of  the  shunt  turns  left 
in  the  circuit.  A  portion  of  the  shunt  field  may  be  burned 
out  due  to  overheating  even  though  the  current  value  is  not 
great  enough  to  open  the  protective  devices. 

REVERSED  SPOOLS 

Reversed  spools  are  rarely  encountered  on  machines  which 
have  just  come  from  the  factory  since  they  are  given  a  polar- 
ity test  before  shipment.  In  assembling  large  machines  for 
which  the  coils  are  shipped  separately  or  in  replacing  defective 
coils  with  spares,  there  is  a  possibility  of  trouble  from  reversed 
polarity.  It  is  also  possible  to  install  a  new  shunt  coil  with 
armature  end  placed  against  the  frame  in  which  case  the  polar- 
ity will  be  wrong  even  though  external  connections  are  correct. 
Series  or  commutating  field  coils  may  be  reversed  by  the  im- 
proper connection  of  strips  between  spools. 

A  generator  with  a  reversed  shunt  coil  may  fail  to  pick  up 
and  will  always  fail  to  generate  its  full  rated  voltage,  while  a 
motor  will  run  at  a  speed  above  normal  and  refuse  to  take 
its  full  load  without  excessive  sparking.  A  reversed  series 
coil  on  a  generator  will  cause  the  voltage  to  drop  as  the  load 
is  applied  since  the  series  field  will  be  opened  to  the  shunt 
windings.  A  compound  wound  motor  will  speed  up  upon 
reversing  one  of  its  coils  and  the  armature  will  tend  to  become 
overloaded.  A  reversed  coil  in  the  commutating  field  circuit 
will  be  noted  even  upon  the  application  of  fractional  loads  on  a 
motor  or  generator  by  severe  sparking  at  the  commutator. 


200  D.  C.  MOTOR  AND  GENERATOR  TROUBLES 

Reversed  series  or  eommutating  coils  can  be  easily  detected 
by  a  drop  in  voltage  or  faulty  commutation  as  the  load  comes 
on  while  the  reversed  shunt  spool  may  be  found  by  noting  the 
failure  to  pick  up  or  to  generate  full  rated  voltage  before  load 
is  apphed.  The  use  of  a  compass  to  locate  a  reversed  shunt 
coil  is  a  quick  but  not  always  certain  method  since  the  compass 
needle  may  become  reversed  and  for  this  reason  it  is  advisable 
to  test  the  shunt  polarity  by  bringing  the  field  up  to  its  normal 
strength  and  introducing  two  nails  on  adjacent  pole  tips, 
noting  whether  they  attract  or  repel  each  other.  This  test 
should  be  made  around  all  pairs  of  poles  and  when  the  point 
of  reversed  polarity  is  located,  the  nails  will  repel  each  other 
showing  that  the  poles  of  like  polarity  lie  adjacent.  The  con- 
necting wires  should  then  be  changed  to  reverse  the  direction 
of  the  current  to  establish  the  correct  polarity. 

SHUNT  ADJUSTMENT 

Both  series  and  eommutating  fields  are  fitted  with  an 
adjustable  resistance  made  of  German  silver  and  provided 
with  taps  or  iron  grids  connected  in  series  or  multiple. 

The  adjustment  of  the  eommutating  field  is  made  at  the 
factory. 

This  j&eld  is  designed  to  secure  good  commutation  and  no 
adjustment  is  ordinarily  required  in  practice  to  suit  load  con- 
ditions. However  a  service  constantly  requiring  rapid  changes 
of  load  may  necessitate  a  readjustment  of  the  eommutating 
field  with  a  view  to  eliminating  or  reducing  to  a  minimum  the 
noninductive  resistance  across  the  field.  This  may  be  ac- 
complished by  increasing  the  air  gap  by  the  removal  of  shims 
or  liners  between  the  eommutating  pole  pieces  and  the  frame 
but  in  most  cases,  it  is  advisable  to  replace  the  iron  shims  or 
liners  with  pieces  of  zinc  or  brass,  keeping  the  air  gap  at  the 
armature  end  as  close  to  the  factory  adjustment  as  possible. 

Instability  of  speed  in  a  motor  and  occasionally  a  weak 
series  field  in  a  generator  may  be  traced  directly  to  excessive 
eommutating  field  strength  which  does  not  upset  thecommuta- 
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tion  on  account  of  the  liberal  design  of  the  unit  with  respect  to 
commutation  constants  but  which  saturates  the  magnetic 
circuit  to  such  a  degree  as  to  nuHify  in  a  measure  the  effect 
of  the  series  field.  Here  a  shunt  should  be  installed  across  the 
commutating  field  even  though  the  factory  adjustment  omitted 
auch  regulation.  Rapid  load  changes  such  as  are  met  in  rail- 
way service  where  adjustments  for  full  field,  that  is  without 
shunts,  cannot  be  made  by  changing  the  air  gap  demand 
shunts  of  the  inductive  type.  The  inductance  of  this  shunt 
must  be  equal  to  the  inductance  of  the  commutating  field 
circuit  and  in  such  cases  it  is  best  to  get  the  advice  of  the  manu- 
facturer of  the  unit  or  to  order  directly  from  the  factory  an 
inductive  shunt  to  meat  the  requirements. 

The  shunt  field  is  fitted  with  a  regulating  rheostat  for  ad- 
justing voltages  at  no  load  and  equalizing  loads  on  machines 
operating  in  parallel  where  the  units  are  shunt  wound.  On 
oompound  wound  generators  or  motors  the  voltage  or  speed 
regulation  is  accomplished  by  the  adjustment  of  the  strength 
of  the  series  field.  Adjustable  shunts  are  furnished  as  it  is 
nearly  always  necessary  to  change  the  voltage  or  speed  regu- 
lation to  suit  the  exact  power  requirements  after  the  machine 
is  installed.  Adding  resistance  to  the  shunt  increases  the 
strength  of  the  series  field  which  raises  the  voltage  of  the  gen- 
erator and  reduces  the  speed  in  a  cumulative  compound  wound 
motor.  Subtracting  resistance,  on  the  other  hand,  weakens 
the  series  field  with  the  opposite  effect  on  voltage  and  speed. 
A  change  in  the  air  gap  under  the  main  pole  pieces  may  be 
introduced  to  advantage  where  the  voltage  or  speed  is  un- 
stable but  very  little  change,  if  any,  can  be  made  in  the  effect 
of  the  series  field  by  the  change  of  gap  and  this  method  is 
usually  unavailing  where  the  strength  of  the  series  field  is  in 
question. 

When  adjustments  in  the  commutating  or  series  fields  are 
being  made,  care  should  be  exercised  to  allow  the  unit  to 
operate  between  trials  for  a  sufficient  period  of  time  to  bring 
the  temperature  of  the  shunts  to  a  running  heat  since  the 
resistance  varies  with  the  temperatures  in  both  field  and  shunt. 
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The  cold  adjustment  should  hold  when  the  unit  has  reached 
its  normal  working  temperature. 

LOOSE  POLE  PIECES 

Loose  pole  pieces  either  main  or  commutating,  are  rarely 
met  with  in  practice  unless  improper  attention  has  been  given 
to  the  tightening  of  the  pole  piece  bolts  when  assembling  the 
unit  or  in  adjustments  requiring  the  removal  of  shims.  In 
the  latter  instance,  the  length  of  the  bolts  may  be  such 
as  to  bottom  in  the  hole  of  the  pole  piece  before  the  head 
comes  in  contact  with  the  frame,  permitting  movement  of 
the  pole  piece.  Spool  bodies  made  with  a  fixed  length  may 
also  prevent  sufl&cient  tightening  of  the  pole  piece  against  the 
frame  after  shims  have  been  removed.  Loose  pole  pieces  will 
not  remain  in  their  true  position  and  an  unequal  distribution 
of  flux  will  result  due  to  the  varying  contacts  between  the 
pole  and  the  frame.  Pole  pieces  not  on  the  vertical  will  sag 
bringing  the  tips  of  adjacent  poles  closer  together  than  other 
parts  of  the  magnetic  circuit  occasioning  excessive  flux  leak- 
age as  well  as  a  general  magnetic  inequality.  Unless  the  loose 
pole  pieces  are  tightened  to  insure  a  good  uniform  contact 
between  the  poles  and  the  frame,  good  voltage  or  speed  regu- 
lation and  successful  commutation  cannot  be  expected. 

COMPENSATING  WINDING 

Compensating  or  pole  face  windings  are  in  effect  a  part  of 
the  usual  commutating  field,  the  turns  being  carried  or  sup- 
ported in  the  faces  of  the  main  poles  instead  of  being  wound 
around  the  commutating  pole  piece.  Shunt  adjustments  on 
machines  equipped  with  compensating  windings  are  made  by 
placing  a  resistance  across  the  turns  on  the  commutating 
pole  proper,  allowing  the  pole  face  windings  to  carry  full  line 
current.  Grounds  or  short  circuits  in  the  pole  face  winding 
or  between  the  connection  strips  connecting  the  pole  face  con- 
ductors, will  result  in  faulty  commutation  and  for  this  reason 
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as  well  as  in  the  interest  of  ventilation,  units  should  be  kept  free 
from  all  collections  of  foreign  matter  by  a  regular  and  system- 
atic blowing  out  with  compressed  air  or  hand  bellows.  It 
should  be  remembered  that  most  machines  equipped  with  pole 
face  windings  are  built  with  smaller  diameters,  shortened  field 
cores,  closer  air  gaps  and  clearances,  thus  making  absolute 
cleanliness  a  paramount  necessity. 
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MOTOR  TROUBLES 

Refusal  to  Start — Reversed  Rotation — Speed  Regula- 
tion AND  Adjustment. 

REFUSAL  TO  START 

If  a  motor,  whether  new  or  old,  refuses  to  start,  the  first 
check  to  be  made  is  to  insure  that  voltage  is  being  supplied 
to  the  motor  terminals  at  its  rated  voltage.  The  starting 
rheostat  should  be  examined  for  open  circuits  and  make  sure 
that  the  shunt  field  is  connected  on  the  power  circuit,  so  that 
the  starting  resistance  is  not  in  series  with  the  shunt  field. 
If  a  further  inspection  shows  that  the  external  connections 
are  correct  and  all  terminals  tight,  and  the  motor  still  refuses 
to  start  on  the  very  first  application  of  voltage,  a  test  should 
be  made  to  determine  whether  or  not  the  field  is  excited. 
This  may  be  done  by  bringing  a  magnet  close  to  the  shunt 
windings  or  by  testing  for  magnetism  in  the  pole  tips,  using  a 
nail  or  steel  rod.  The  failure  of  excitation  may  be  due  to  an 
open  circuit  in  the  windings,  loose  or  poor  contacts  or  a  ground. 

The  Armature  circuit  may  be  open  due  to  a  broken  commuta- 
tor lead  or  an  open  circuited  coil  and  if  the  armature  is  turned 
over  by  hand  with  the  voltage  applied,  the  break  in  the  circuit 
will  be  bridged  by  the  brushes  on  the  commutator  and  the 
motor  will  run  if  not  heavily  loaded  but  faulty  commutation 
and  unsatisfactory  operation  will  follow.  The  open  circuit 
may  exist  between  the  commutator  and  the  brushes  due  to 
insufficient  spring  pressure,  binding  of  the  brushes  in  the 
holders,  or  in  small  units,  to  a  dirty  commutator  surface. 

A  shunt  wound  motor  or  a  compound  wound  motor  with 
its  series  field  connected  so  as  to  oppose  the  shunt  winding, 
may  refuse  to  start  on  account  of  load  conditions  or  high 
friction.  Belted  motors  frequently  require  a  start  by  hand 
to  overcome  the  effect  of  friction.  Machines  which  have 
remained  idle  for  long  periods  of  time  should  have  the  arma- 
tures revolved  to  reestablish  the  oil  film  in  the  bearings  before 
throwing  on   the  load.     A   new  installation   may  require  a 
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readjustment  to  increase  the  series  field  strength  on  a  cumu- 
lative motor  in  order  to  increase  the  starting  torque  where  the 
unit  is  required  to  start  under  load.  A  differential  motor  may 
necessitate  the  reversal  or  disconnecting  of  the  series  field  to 
cause  it  to  start  under  load. 

After  long  periods  of  operation  or  melting  of  babbitt  in 
bearing  linings  due  to  overheating,  the  shaft  centers  may  be 
lowered  to  a  point  where  the  armature  laminations  rub  on  the 
pole  pieces.  The  air  gaps  should  be  checked  periodically 
in  order  to  avoid  such  trouble  for  although  the  motor  may  be 
started  without  damage  where  there  are  no  binding  bands  on 
the  core  portion,  it  will  vibrate  considerably  on  starting  and 
run  with  excessive  friction.  The  armature  will  also  run  hot 
due  to  the  unbalanced  electrical  circuits  occasioned  by  the 
inequality  of  the  air  gap.  After  a  replacement  of  defective 
field  coils,  it  is  well  to  check  the  polarity  before  applying  volt- 
age to  the  armature  as  the  motor  will  refuse  to  start  if  any  of 
the  poles  have  been  reversed.  A  reversed  series  field  will  be 
noticed  in  the  speed  regulation  rather  than  in  the  refusal  to 
start. 

REVERSED  ROTATION 

After  the  motor  has  been  started,  it  may  revolve  in  a  direc- 
tion opposite  to  that  desired.  The  direction  of  rotation  of  a 
shunt  motor  may  be  changed  by  simply  reversing  the  leads 
to  the  shunt  field  or  to  the  armature  terminals  but  both  must 
not  be  reversed  at  the  same  time  since  the  relative  direction 
of  flow  of  the  armature  current  and  the  field  flux  will  not  be 
changed.  A  reversal  of  the  lines  attached  to  the  power  bus 
will  not  reverse  the  motor.  To  reverse  a  compound  wound 
motor,  both  the  shunt  and  the  series  fields  must  be  reversed 
or  the  leads  to  the  armature  exchanged  as  explained  above.  A 
reversal  of  the  shunt  field  only  may  cause  the  unit  to  race 
under  load  on  account  of  the  differential  effect  of  the  series 
field.  Reversing  the  series  field  only  will  weaken  the  starting 
torque  to  such  a  degree  as  to  make  starting  difficult  and  opera- 
tion under  load  unsatisfactory. 
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A  Series  motor  is  reversed  by  reversing  the  connections  to 
the  armature  or  field  circuits  and  since  both  circuits  take  full 
load  current,  the  choice  is  optional  with  the  operator.  On 
most  shunt  and  compound  wound  motors,  it  will  perhaps  be 
easier  to  shift  the  connections  to  the  fields. 

SPEED  REGULATION  AND  ADJUSTMENT 

The  speed  of  a  constant  voltage  shunt  or  compound  motor 
depends  upon  its  field  strength  while  a  series  motor  supplied 
with  constant  voltage  has  a  different  speed  for  every  load. 
A  shunt  wound  motor  upon  being  started  may  revolve  at  a 
speed  above  the  required  value  and  where  no  margin  is  pro- 
vided in  the  winding  for  an  increase  in  the  field  strength,  the 
speed  may  be  reduced  by  placing  shims  or  liners  between  the 
main  poles  and  the  frame  to  reduce  the  air  gap.  The  reduc- 
tion of  the  gap  should  not  be  carried  beyond  a  safe  mechanical 
clearance  between  the  stationary  and  revolving  parts  and  it 
should  be  remembered  that  the  reduced  gap  will  increase  the 
core  heating.  Where  a  permanent  resistance  has  been  in- 
serted in  the  circuit  to  obtain  the  rated  speed,  this  may  be 
reduced  or  removed  to  strengthen  the  field,  bringing  the  speed 
down.  The  speed  may  be  too  low  in  which  case  no  attempt  to 
raise  it  should  be  made  until  the  running  temperature  has  been 
reached  as  the  motor  will  be  found  to  speed  up  as  the  resis- 
tance of  the  shunt  field  rises  with  the  temperature.  All 
factory  adjustments  are  made  on  a  basis  of  hot  fields.  A  rheo- 
stat may  be  used  to  weaken  the  field  or  a  permanent  resistance 
may  be  installed  for  this  purpose.  On  commutating  pole 
motors,  the  speed  may  also  be  raised  provided  the  commu- 
tation permits,  by  shifting  the  brushes  slightly  backward, 
that  is,  against  rotation.  It  should  be  noted  that  the  brush 
position  cannot  be  changed  on  reversible  motors  for  purposes 
of  speed  regulation  unless  the  reversal  is  infrequent  and  the 
brush  position  is  changed  for  each  direction  of  rotation. 

Speed  adjustment  on  a  compound  wound  motor  is  effected 
by  manipulating  the  series  field,  strengthening  it  when  the 
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speed  is  too  high  and  weakening  it  at  reduced  speeds.  Com- 
mutating  pole  motors,  developing  trouble  from  speed  regula- 
tion, not  easily  remedied  by  changes  in  the  series  excitation, 
will  operate  to  advantage  with  a  reduction  in  the  strength 
of  the  commutating  field  without  upsetting  commutation. 
Series  motors  have  a  fixed  speed  for  each  load.  Reductions 
in  the  fixed  speed  values  may  be  brought  about  by  adjustment 
of  the  air  gap.  Increase  in  the  speed  may  be  accomplished 
by  placing  a  shunt  across  the  field  winding  thus  weakening 
the  field  strength. 

The  air  gap  of  variable  speed  motors  should  be  made  as 
large  as  possible  to  insure  good  regulation  at  the  high  speed 
or  weak  field  ratings  because  the  preponderance  of  the  excita- 
tion is  required  at  the  air  gap  instead  of  in  the  remainder  of 
the  magnetic  circuit.  In  emergency  situations,  field  coils 
may  be  connected  in  multiple  instead  of  in  series,  which  will 
materially  increase  the  field  strength  and  secure  substantial 
reductions  in  speed,  but  temperatures  should  be  closely 
watched  to  prevent  damage  from  overheating.  External 
fans  are  used  to  advantage  in  such  emergencies  to  keep  the 
temperature  rise  within  safe  limits.  Exceeding  an  ultimate 
temperature  of  95  degrees  Centigrade  where  untreated  wire 
is  fitted,  or  105  degrees  Centigrade  where  treated  or  com- 
pounded materials  are  employed,  will  necessitate  the  stopping 
of  the  unit. 
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GENERATOR  TROUBLES 

Failure  to  Pick  up — Building  up  with  Wrong  Polarity — 
Parallel  Operation — Heating. 

FAILURE  TO  PICK  UP 

A  generator  may  fail  to  pick  up  or  build  up  its  voltage  if 
its  speed  is  very  much  below  the  rated  value.  It  is  well, 
therefore,  at  the  first  indication  of  this  trouble  to  make  sure 
that  the  speed  of  the  generator  is  approximately  equal  to  that 
given  on  its  nameplate.  The  field  rheostat  should  be  turned 
to  its  "Off"  position,  that  is,  with  all  resistance  out  of  the  field 
circuit,  and  the  contacts  examined  for  loose  joints  and  dirty 
connections,  particularly  at  the  terminals  of  each  field  spool. 
In  the  finish  of  a  machine  at  the  factory,  the  shunt  field  termi- 
nals may  be  filled  with  paint  or  varnish  which  will  increase  the 
resistance  of  the  circuit  and  prevent  the  unit  from  building 
up  its  voltage.  The  field  rheostat  should  also  be  examined 
for  open  circuits  or  high  resistance  contacts  between  the  move- 
able arm  and  the  button  terminals.  The  commutator  surface 
should  be  inspected  to  guard  against  collections  of  oil,  grease 
or  dirt  which  wUl  open  the  circuit  or  introduce  a  high  resistance 
between  the  brushes  and  the  commutator.  A  good  fit 
of  the  brushes  on  the  commutator  is  necessary  as  well 
as  sufficient  spring  pressure  to  insure  good  contact. 

The  voltmeter  connected  to  the  armature  will  show  the 
voltage  generated  due  to  residual  magnetism.  If  upon  closing 
the  shunt  field  circuit  the  voltage  drops  instead  of  rises,  the 
shunt  field  should  be  reversed  because  the  magnetic  flux 
generated  by  the  shunt  field  is  opposing  that  due  to  the  re- 
sidual magnetism  and  the  generator  cannot  pick  up.  The 
residual  magnetism  may  have  been  lost  entirely  if  the  unit 
has  been  placed  in  the  vicinity  and  the  influence  of  other  ex- 
cited fields,  particularly  while  being  prepared  for  shipment, 
or  has  been  subjected  to  excessive  vibration  or  sudden  jarring 
in  transit  or  handling.  The  brushes  should  be  lifted  to  prevent 
a  short  circuit  and  direct  current  voltage  from  some  external 
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source  should  be  applied  to  the  terminals  of  the  shunt  field 
for  a  few  seconds  in  order  to  restore  the  residual  magnetism. 
The  voltage  may  be  secured  from  another  generator,  a  storage 
battery  or  a  number  of  dry  cells  in  series.  In  the  latter  case 
where  the  voltage  is  low  as  compared  with  the  machine  voltage, 
it  is  sometimes  necessary  to  apply  the  battery  connections  to 
two  or  more  spools  instead  of  to  the  entire  number  in  series. 
If  a  compound  wound  unit  which  has  lost  its  residual  magnet- 
ism is  to  operate  in  multiple  with  other  machines,  the  equal- 
izer switch  may  be  closed  as  well  as  the  necessary  line  switches 
to  complete  the  circuit  from  the  live  machine  through  the 
equalizer  and  series  field  to  the  bus  bar,  and  the  flow  of  current 
through  the  series  field  will  restore  the  residual. 

BXnLDING  UP  WITH  WRONG  POLARITY 

In  an  ungrounded  power  or  lighting  circuit  the  polarity 
with  which  the  generator  builds  up  is  of  no  consequence 
because  the  polarity  in  no  way  affects  the  ordinary  incandes- 
cent lights  or  the  direction  of  rotation  of  direct  current  motors. 
However,  instruments  on  switch  boards,  circuits  with  the 
negative  side  grounded,  storage  battery  charging  and  electro- 
lytic processes  all  require  a  fixed  polarity  for  satisfactory 
operation.  Should  a  generator  build  up  its  voltage  with  the 
wrong  polarity  the  residual  may  be  changed  by  applying  volt- 
age from  a  separate  source  and  the  correct  polarity  will  thus 
be  established.  It  is  sometimes  more  convenient  especially 
with  compound  wound  generators  operating  in  multiple 
to  correct  the  polarity  by  closing  the  equalizer  and  line  switches 
where  necessary  to  complete  the  circuit. 

PARALLEL  OPERATION 

A  new  generator  installed  to  operate  in  parallel  with  other 
units  should  be  given  a  polarity  test  before  any  line  switches 
are  closed  to  insure  against  connecting  in  series  instead  of 
multiple  with  the  danger  of  heavy  overloads  of  current,  high 
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voltages,  jflashing  and  burning  of  the  commutator  and  brush 
rigging.  A  shunt  wound  generator  may  have  its  polarity 
corrected  by  applying  current  from  the  other  units  to  the 
shunt  field  in  such  a  direction  as  to  reverse  its  residual  magnet- 
ism. The  residual  of  a  compound  wound  generator  may  be 
reversed  in  a  similar  manner  but  it  may  be  more  convenient!}'- 
done  by  using  the  equahzer  circuit  to  deliver  current  to  the 
series  windings. 

The  newly  installed  unit  may  fail  to  take  its  share  of  the 
total  load  if  the  speed  regulation  from  no  load  to  full  load  is 
greater  or  less  than  that  of  the  old  units,  and  this  must  be 
corrected  by  adjusting  the  speed  of  the  prime  mover.  The 
location  of  the  brushes  back  of  the  neutral  against  rotation 
on  a  commutating  pole  machine  will  cause  a  generator  voltage 
to  rise  sharply  when  load  is  applied  and  a  heavy  overload 
usually  results.  Unless  the  circuit  breakers  open  or  the  prime 
mover  drops  in  speed  on  account  of  the  overload,  the  generator 
voltage  will  rise  to  a  point  which  may  cause  the  other  units 
in  parallel  with  it  to  operate  as  motors,  thereby  increasing 
its  own  load.  If  the  brushes  are  ahead  of  the  neutral  in  the 
direction  of  rotation  on  a  commutating  pole  machine,  the 
generator  will  refuse  to  take  load  and  its  voltage  will  drop 
sharply  when  load  i&  applied. 

Equal  division  of  load  in  multiple  operation  cannot  be  ob- 
tained unless  the  compounding  of  the  individual  units  is  similar. 
For  example  a  generator  overcom  pounded  from  120  volts  at 
no  load  to  125  volts  at  full  load  or  250  volts  at  no  load  to  275 
volts  at  full  load,  should  not  be  connected  in  multiple  with 
generators  fiat  compounded  from  125  volts  at  no  load  to  125 
volts  at  full  load  or  from  275  volts  at  no  load  to  275  volts  at 
full  load  as  the  overcompounded  generator  will  take  all  of  the 
load  due  to  its  rising  voltage  characteristic,  as  compared  with 
the  flat  voltage  characteristic  of  the  other  unit.  The  com- 
poundings  may  be  made  similar  by  readjustment  of  the  series 
field  shunts  where  such  shunts  are  furnished,  but  it  is  also 
possible  to  adjust  the  compoundings  by  shifting  the  brushes 
on  machines  of  the  commutating  pole  type  where  the  commu- 


TROUBLES  AND  THEIR  REMEDIES  211 

tation  is  not  affected.  Shifting  the  brushes  in  the  direction 
of  rotation  causes  the  voltage  to  drop  with  load,  while  against 
rotation,  produces  the  opposite  effect.  Successful  parallel 
operation  depends  upon  a  drooping  characteristic  voltage  curve 
in  all  the  units  connected  in  multiple.  Overcompounded 
generators  cannot  be  operated  in  parallel  with  synchronous 
converters  since  overcompounding  is  practically  impossible 
on  the  converter  and  the  generators  will  take  all  of  the  load. 
No  trouble  is  experienced  when  the  generators  are  flat 
compounded. 

HEATING 

The  most  general  cause  of  heating  in  a  direct  current  gen- 
erator is  overloading,  which  in  many  cases  comes  as  a  result 
of  false  indications  of  switchboard  meters.  Short  circuited 
armature  coils,  grounds,  leakage  of  current  due  to  moisture, 
faulty  ventilation,  accumulation  of  dirt  or  grease  and  poor 
commutation  also  produce  overheating  of  the  generator. 
Thermometers  should  be  attached  by  means  of  putty  to  the 
stationary  parts  such  as  the  fields,  brushes,  bearings  and  con- 
nection strips  in  order  to  determine  the  true  temperature 
when  there  is  any  suspicion  of  overheating  rather  than  to 
depend  upon  the  hand.  While  an  approximate  temperature  of 
the  revolving  parts  may  be  obtained  by  placing  thermometers 
at  the  discharge  of  air  ducts  in  the  core  and  end  windings, 
the  true  temperatm-e  cannot  be  obtained  without  shutting 
down  the  unit  and  quickly  applying  the  thermometers.  If 
the  temperatures  do  not  exceed  95  degrees  Centigrade  where 
the  insulating  materials  are  untreated,  or  105  degrees  Centi- 
grade for  treated  materials,  no  damage  from  overheating 
will  result  upon  continued  operation  although  it  should  be 
borne  in  mind  that  the  efficiency  and  length  of  life  of  the  ma- 
chine are  increased  to  a  great  extent  if  it  is  run  at  a  low  tem- 
perature. Extreme  overloading  will  incur  the  added  damage 
and  commutation  trouble  on  account  of  flashing. 
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SHAFT  AND  BEARING  TROUBLES 

Shaft  Pitting — Oil  Rings — Bearing  Linings— Oil  Sling- 
ERS — Bearing  Fitting. 

SHAFT  AND  BEARING  TROUBLES 

Due  to  the  absence  of  reciprocating  parts  very  little  trouble 
is  experienced  with  bearings  and  shafts  on  electrical  machinery, 
when  the  rubbing  speeds  and  pressure  are  kept  within  the 
limits  already  given.  Heating,  however,  may  appear  due  to 
shaft  pitting,  the  failure  of  the  oil  rings  to  function  properly, 
loose  babbitt  and  the  improper  adjustment  of  the  armature 
and  field  for  end  play. 

Shaft  pitting  comes  as  a  result  of  a  flow  of  current  through 
the  shaft,  bearings  and  base  which  form  a  low  resistance  path. 
The  oil  film  in  the  journal  is  a  good  insulator  and  the  flow  of 
the  current  is  usually  from  the  shaft  to  the  oil  ring  resulting 
in  the  scoring  of  both.  The  scoring  on  the  shaft  gradually 
spreads  and  the  rough  surface  drags  the  babbitt  lining  causing 
high  temperatures.  The  current  usually  flows  through  the 
shaft  as  a  result  of  leakage  flux  cut  by  the  armature  spider  and 
shaft.  The  most  reliable  remedy  for  the  pitting  lies  in  stop- 
ping the  flow  of  current  by  insulating  one  or  more  of  the 
bearing  pedestals  at  the  junction  of  the  pedestal  and  the  base 
with  mica  sheets  between  fibre  layers  having  a  total  thickness 
of  from  He  to  3^^  of  an  inch.  In  addition  to  this  insulation 
it  is  necessary  to  insulate  the  dowel  pins  and  holding  down 
bolts  by  fibre  sleeves  and  washers.  Unless  the  edges  of  the 
bolt  holes  in  the  base  and  the  bottom  of  the  bearing  pedestal 
are  chamfered  off  or  countersunk  to  provide  a  creepage  surface 
of  at  least  one  half  an  inch,  the  insulation  will  usually  fail 
around  the  holding  down  bolts  at  the  junction  of  the  two  sur- 
faces due  to  moisture  or  collections  of  dirt.  It  is  unnecessary 
to  insulate  all  bearing  pedestals  on  a  unit  but  just  a  sufficient 
number  to  interrupt  the  path  of  the  current.  On  two  bearing 
machines,  it  is  sufficient  to  insulate  but  one  bearing  while  with 
three  or  more  bearings  all  pedestals  should  be  insulated  except 
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one.  Units  subjected  to  severe  flashing  may  develop  pitting 
trouble  with  the  pedestals  insulated  due  to  the  flow  of  line 
current  to  ground.  Here  grounding  rings  should  be  placed 
on  the  shaft  preferably  on  the  machine  side  of  the  bearing 
housing  fitted  with  a  low  resistance  brush  grounded  in  such  a 
way  as  to  prevent  the  current  from  passing  through  the  bear- 
ing. Grounding  rings  are  usually  made  of  copper  or  brass 
fitted  directly  to  the  shaft  at  any  convenient  point.  Units 
equipped  with  ball  bearings  are  particularly  susceptible  to 
trouble  from  pitting  from  either  of  the  above-mentioned 
causes. 

The  function  of  the  oil  ring  is  to  raise  the  oil  from  the  oil 
well  to  the  shaft  surface  and  to  do  this  it  must  be  kept  in  con- 
tinuous motion.  If  the  oil  ring  revolves  too  slowly  the  oil 
will  run  back  into  the  well  before  it  reaches  the  shaft.  If  on 
the  other  hand  the  ring  revolves  at  an  excessive  speed  the  oil 
is  thrown  into  the  bearing  housing.  For  these  reasons  in  case 
of  replacement,  it  is  advisable  to  install  the  same  type  of  ring 
as  that  originally  furnished.  Many  cases  of  bearing  trouble 
can  be  traced  directly  to  the  use  of  wire  and  chains  in  place  of 
the  correct  ring.  Such  substitutes  should  be  used  in  emer- 
gency cases  only.  While  oil  rings  may  always  be  used  where 
the  machine  operates  continuously  in  a  horizontal  position, 
waste  packed  bearings  are  necessary  where  the  unit  constantly 
shifts  in  position  as  the  rings  will  bind  or  catch  in  the  grooves. 
The  waste  must  be  kept  thoroughly  saturated  with  oil  and  a 
screen  made  up  of  perforated  metal  should  be  placed  so  as  to 
rub  against  the  shaft  at  the  bottom  of  the  waste  pocket  to 
prevent  small  particles  of  waste  from  being  carried  under- 
neath the  shaft  and  forming  burned  rings  with  resultant 
heating. 

Bearing  linings,  if  improperly  anchored  may  become  loose 
and  cause  a  rapid  heating  of  the  shaft  and  bearing.  The 
movement  of  the  babbitt  may  be  detected  on  the  ends  by 
noting  the  oil  oozing  out  between  the  lining  and  the  housing. 
The  movement  may  also  be  noted  by  placing  the  tips  of  the 
fingers  at  the  junction  of  the  babbitt  and  housing.     Such  a 
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bearing  should  be  ininiediately  removed  from  service  and  re- 
babbitted,  taking  care  to  anchor  the  lining  by  dovetails. 

If  the  end  play  is  not  properly  adjusted  and  the  armature 
fails  to  float  in  the  bearings,  the  end  thrust  of  the  armature 
will  cause  the  oil  slingers  on  the  shaft  to  rub  against  the  end 
of  the  bearing  housing  or  lining.  This  condition  may  also 
result  from  improper  alignment  or  failure  to  level  the  base  on 
the  foundation.  Where  the  cause  of  the  end  thrust  in  one 
direction  is  magnetic,  it  may  be  remedied  by  moving  the 
magnet  frame  along  the  shaft  in  a  direction  opposite  to  that 
of  the  end  thrust. 

When  a  bearing  surface  becomes  damaged  or  roughened  from 
any  cause  or  when  the  temperature  reaches  a  point  where  the 
babbitt  wipes  or  the  bearing  freezes,  it  is  necessary  to  rebabbitt 
and  refit  the  lining  to  the  shaft.  In  many  cases  this  must  be 
done  in  a  very  short  time  and  a  satisfactory  job  cannot  be 
done  by  the  scraping  and  trying  method.  In  such  emer- 
gencies the  bearings  may  be  fitted  quickly  by  removing  the 
high  spots  with  a  scraper  after  which  the  bearing  cap  may  be 
put  into  place  but  not  bolted  down  too  securely.  A  mixture 
of  lubricating  oils  and  pulverized  hand  sapolio  or  powdered 
pumice  stone  may  be  slowly  poured  into  the  sight  holes  in  the 
bearing  while  the  shaft  is  slowly  revolved.  The  mixture 
should  be  suppHed  continuously  allowing  the  surplus  to  drain 
from  the  oil  well.  The  bearing  will  be  quickly  fitted  in  this 
way  after  which  it  must  be  thoroughly  flushed  with  pure  oil 
and  all  of  the  grinding  material  removed.  The  bearing  cap 
should  be  tightened  from  time  to  time  as  the  bearing  wears  in 
until  the  normal  operating  position  is  reached. 
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NOISE 

Worn  Bearings — Loose  Armature  Core — Movement  of 
THE  Commutator — Unbalanced  Armature  or  Pulley 
Belt  Noises — Brushes — Windage  and  Magnetic. 

NOISE 

Undue  noise  in  direct  current  machines  results  from  both 
mechanical  and  electrical  defects.  Parts  may  become  loosened 
in  practice,  due  to  shrinkages  of  insulation,  such  as  field  spool 
collars  and  bodies,  bushings  or  collars  around  the  brush  rigging 
and  armature  coils.  Loose  nuts,  bolts,  screws,  binding  posts, 
connection  boards  and  in  exceptional  cases  armature  punchings 
and  commutator  parts  may  rattle,  squeal  or  thump  during 
operation.  The  bearings  may  be  worn  to  a  point  where  the 
shaft  runs  very  loosely  in  them  producing  a  constant  knocking 
sound  or  the  wear  may  even  have  continued  until  the  armature 
core  comes  in  contact  with  the  pole  faces. 

Noise  is  practically  always  an  indication  that  something  is 
wrong  and  while  it,  in  itself,  may  not  be  considered  as  a  defect, 
it  is  very  liable  to  be  the  forerunner  of  a  serious  trouble.  An 
examination  should  be  made  immediately  to  determine  its 
cause.  Neglect  of  the  machine's  natural  warnings  may  per- 
mit the  trouble  to  develop  until  it  is  necessary  to  make  exten- 
sive repairs  Parts  which  have  become  loosened  can  be 
detected  by  feeling  or  listening  while  operating  under  normal 
conditions.  Varying  the  load  or  changing  the  speed  will 
often  magnify  the  noise  and  make  it  easier  to  locate  the  point 
of  trouble.  Once  located,  the  remedy  consists  in  tightening 
up  the  loosened  parts  and  where  necessary,  as  around  the 
field  coils  and  brush  rigging,  shims  or  liners  of  insulating 
material  may  be  inserted.  Badly  worn  bearings  should  be 
rebabbitted  throughout  while  slightly  worn  bearings  may  be 
repaired  by  removing  the  liners  between  the  upper  and  lower 
halves  and  tightening  the  cap.  It  is  usually  found  that  the 
lower  half  has  worn  more  than  the  upper  and  a  liner  should  be 
placed  under  the  foot  of  the  bearing  pedestal  or  support  to 
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equalize  the  air  gap.  Where  the  armature  conductors  have 
become  loose  due  to  a  shrinkage  of  insulation,  the  binding 
bands  and  wedges  should  be  removed  and  spacers  of  fibre, 
mica  or  insulating  material  placed  on  top  of  the  bars  to  make 
up  for  the  shrinkage.  A  loose  armature  core,  that  is,  loosened 
laminations,  is  generally  evidenced  by  a  thumping  or  grind- 
ing sound  particularly  noticeable  when  starting  or  stopping 
and  immediate  treatment  should  be  given  as  outHned  on  page 
195.  Movement  of  the  commutator  will  also  produce  a 
thumping  noise  and  if  allowed  to  continue,  the  commutator 
leads  will  be  broken.  The  commutator  bolts  holding  the 
spider  in  place  should  be  tightened  and  in  some  cases  it 
may  be  necessary  to  drill  a  hole  at  the  joint  between  the 
commutator  and  armature  parts  and  to  insert  round  steel 
dowels  or  keys. 

An  unbalanced  armature  or  pulley  will  set  up  a  vibration 
of  the  entire  unit  and  after  a  very  short  period  of  operation 
the  bearings  will  wear  excessively  permitting  an  eccentric 
motion  of  the  revolving  element.  Accompanying  the  vibra- 
tion will  be  a  pounding  noise  in  the  bearings,  a  rattle  of  the 
oil  rings  and  a  chattering  sound  at  the  commutator  as  the 
brushes  try  to  follow  the  eccentric  motion.  The  unit  should 
be  removed  from  service  and  the  cause  of  the  unbalancing 
determined.  The  armature  and  the  pulley  may  be  balanced 
by  the  addition  of  weights  as  previously  described.  The  pulley, 
if  tightened  on  the  shaft  by  means  of  set  screws  or  a  key  may 
need  recentering,  especially  if  the  size  of  the  shaft  is  not 
exactly  the  same  as  the  bore  of  the  pulley,  in  which  case  thin 
metal  collars  are  fitted. 

A  noise  caused  by  the  striking  of  the  belt  or  pulley  against 
the  bearings  of  the  machine  is  easily  remedied  by  mounting 
the  pulley  a  little  further  out  on  the  shaft  so  as  to  make  the 
contact  impossible.  A  laced  or  jointed  belt  will  produce  a 
periodic  pounding  at  each  revolution  when  the  lacing  or  joint 
comes  in  contact  with  the  pulley.  An  endless  belt  should  be 
substituted,  and  it  may  be  added  should  always  be  employed 
on  electrical  machinery.     If  the  belt  is  loose  or  insufficiently 
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tightened  for  the  load  or  to  accommodate  sudden  swings  in 
load,  a  squeaking  noise  at  the  pulley  will  be  noted  accompanied 
by  a  flapping  and  scraping  at  the  middle  point  of  the  belt, 
on  the  floor  or  at  the  machine  base.  In  case  of  overload,  the 
load  should  be  reduced  or  the  belt  tightened  by  means  of  an 
idler  or  sliding  rails.  If  this  does  not  prove  an  effective  rem- 
edy, a  wider  pulley  and  a  wider  belt  must  be  substituted. 
In  an  emergency,  where  the  bearing  temperatures  will  not 
permit  tightening  of  the  belt  to  carry  the  load  without  squeak- 
ing, the  noise  may  be  eliminated  by  stopping  the  slipping  of 
the  belt.  This  is  accomplished  by  rubbing  a  bar  of  turpentine 
or  yellow  washing  soap  on  the  belt  surface  which  comes  in 
contact  with  the  pulley.  The  soap  should  be  applied  without 
oil  or  water  as  such  application  will  increase  the  slippage  and 
the  belt  may  leave  the  pulley. 

Incorrect  brush  angle,  defective  brushes  or  a  roughened 
commutator  surface  or  collector  rings  produce  a  harsh,  disagree- 
able noise  readily  located  at  the  commutator  or  rings.  The 
brush  chatter  and  hissing  may  come  from  hard  spots  in  the 
brushes  or  from  an  excessive  slant  or  brush  pressure  while  the 
roughened  commutator  surface  may  in  addition  provide  a 
singing  and  screeching  noise.  The  application  of  a  lubricant 
to  the  commutator  surfaces  may  relieve  this  condition  tempo- 
rarily but  continued  use  of  the  lubricant  in  any  form  will 
eventually  destroy  the  mica  insulation  in  the  commutator 
and  dirty  its  surface.  The  brush  angle  should  be  corrected  or 
a  new  set  of  brushes  substituted  or  if  the  commutator  surface 
is  at  fault,  it  should  be  subjected  to  a  smoothing  process. 

It  is  difficult  to  discriminate  between  the  noises  due  to 
windage  and  those  due  to  magnetic  disturbance.  Loose  lami- 
nations in  the  pole  pieces,  particularly  at  the  tips  will  vibrate 
and  set  up  a  humming  sound  while  a  similar  noise  is  created 
by  the  windage  of  the  armature  due  to  the  impinging  of  the 
air  from  the  air  ducts  in  the  armature  against  the  pole  tips. 
Units  equipped  with  pole  face  conductors  supported  by  holes 
or  slots  in  the  pole "  faces  are  very  susceptible  to  magnetic 
noises  due  to  a  vibration  of  the  tips  of  the  laminations  in  the 
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projections  between  the  pole  face  slots.  A  remedy  for  this 
has  been  found  in  securely  anchoring  the  first  inch  of  lamina- 
tions on  either  side  by  drilling  and  inserting  a  machine  screw. 
At  the  edge  of  the  pole  tip,  where  there  is  insufficient  stock  for 
the  insertion  of  the  screw  or  rivet,  spot  welding  may  be  used 
to  advantage.  Where  the  main  poles  on  a  machine  are  made 
up  of  laminations  assembled  with  open  spaces  in  the  pole  tips 
in  order  to  reduce  the  iron  in  them,  and  arranged  by  cutting 
back  the  tip  on  every  other  lamination,  the  hum  from  magnetic 
vibration  and  the  increased  windage  is  very  noticeable. 
Since  the  introduction  of  a  metal  anchor  of  any  description 
in  the  pole  tip  would  defeat  the  purpose  of  the  spaced  lamina- 
tions, it  is  necessary  to  fill  the  spaces  with  putty,  paint  or  a 
compound  which  will  harden  in  place  and  not  melt  or  shake 
out.  Should  this  remedy  fail,  the  noise  is  purely  magnetic 
and  a  slight  chamfer  of  the  pole  tips  extending  from  one  to 
one  and  one-half  inches  back  toward  the  center  of  the  pole  will 
in  many  cases  eliminate  the  trouble.  A  change  in  the  air  gap 
is  also  effective  as  the  amount  of  fringing  is  changed  and  an 
even  number  of  slots  and  teeth  are  in  the  field  flux  at  all  times. 
Noise  directly  traceable  to  windage  caused  by  the  fan  effect 
of  the  commutator  leads,  end  clips,  equalizer  windings  and 
supports  may  be  materially  reduced  by  the  application  of 
canvas  heads  or  barriers  arranged  to  interrupt  the  flow  of  air 
but  the  sound  should  not  be  diminished  at  the  expense  of  good 
ventilation.  The  unit  may  be  totally  enclosed  to  obliterate 
the  noise,  in  which  case  a  supply  of  cooling  air  must  be  fur- 
nished by  external  blowers  or  fans.  Sound  proof  rooms  are 
also  recommended  where  machines  are  operated  in  office 
buildings  or  residential  districts. 
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INSULATION   RESISTANCE    OF    MOTORS    AND    GENERATORS 

The  insulation  resistance  of  machines  should  be  measured 
before  starting  for  the  first  time,  or  after  standing  idle  for  a 
considerable  time  in  a  damp  place. 

The  following  methods  give  a  ready  means  of  measuring 
the    resistance  when  a  bridge  or  megger  is  not  available. 

Connect  one  side  of  a  direct  current  source  of  power  to  the 
windings  to  be  tested;  connect  the  other  side  of  the  direct 
current  circuit  to  a  portable  voltmeter  and  then  read  the 
voltage  when  the  free  side  of  the  meter  is  connected  to  the 
other  side  of  the  circuit  where  it  is  attached  to  the  windings. 
Call  this  reading  "V."  Then  connect  to  the  frame  of  the 
machine,  being  careful  to  get  a  good  contact;  call  this  reading 
"  Vi."     Then 

r  equals  R  ly l) 

where  r  equals  the  resistance  of  the  insulation,  and  R  equals 
the  resistance  of  the  voltmeter  itself.  This  value  is  usually 
given  inside  of  the  cover  of  the  volt-meter  box. 

Before  using  power  from  a  commercial  circuit  for  testing 
insulation,  tests  should  be  made  to  determine  if  the  supply 
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circuit  is  grounded.  One  side  of  the  circuit  must  be  free  from 
grounds  and  the  ungrounded  side  should  be  used  in  series 
with  a  voltmeter  in  taking  resistance  readings. 

It  is  impossible  to  give  any  hard  and  fast  rules  that  will 
cover  all  classes  and  sizes  of  machines,  and  the  results  must 
be  used  with  judgment  and  common  sense. 


Fig    101. — Sketch    showing    method    of    testing    resistance    of    insulation. 

We  consider  the  insulation  resistance  of  a  machine  as  indi- 
cating little  more  than  the  condition  of  the  insulation  as 
regards  moisture.  The  rate  of  change  of  the  resistance  as  the 
machine  is  being  dried  is,  perhaps,  the  best  indication  as 
to  when  the  drying  has  been  carried  far  enough. 

The  following  approximate  rule  has  been  developed;  it 
should  be  understood,  however,  that  this  formula  is  to  be  used 
merely  as  a  guide. 

FOR  DIRECT  CURRENT  GENERATORS 
^300,000 


Ri  equals  {  (     y        E„.)  plus  150,000  j 


where 


Ri  equals  Insulation  resistance  in  ohms, 
Em  equals  Rated  normal  voltage  of  machine, 
Itn  equals  Hated  normal  current  of  machine. 

In  accordance  with  A.I.E.E.  Standardization  Rules,  when 
the    machine   is    dry   and    clean,   the  insulation    resistance 
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in  megohms  should  not  be  less  than  the  voltage  of  the  machine 
divided  by  the  kilowatt  rating  plus  1000,  or 

T,    .  ,  ,        Rated  Voltage 

Resistance  equals  -p   ,    , , \ — ^7^7^=: 

^        Rated  kw.  plus  1000 

GROUNDS 

A  test  of  the  insulation  resistance  of  the  armature  conduc- 
tors, field  windings  or  current  carrying  parts  with  respect  to 
the  iron  portion  of  the  machines,  as  outlined  on  page  219  is 
the  most  direct  way  of  detecting  grounds.  Where  a  voltage 
supply  is  not  available,  a  magneto  testing  set  with  one  terminal 
connected  to  the  live  part  of  the  machine  and  the  other  in 
contact  with  the  frame,  will  ring  upon  the  turning  of  its  crank 
if  the  live  part  is  grounded  at  one  or  more  places. 

When  the  unit  behaves  as  though  a  ground  or  grounds 
existed  in  its  stationary  or  revolving  parts,  the  ground  test 
should  be  applied  to  the  machine  as  a  whole.  Lifting  the 
brushes  from  the  commutator  and  repeating  the  test  individu- 
ally on  the  stationary  and  revolving  elements  will  indicate  the 
location  of  the  ground  with  respect  to  the  division  of  the 
machine.  If  a  ground  is  found  to  exist  in  the  stationary  part 
the  search  for  the  exact  location  must  be  continued  by  sepa- 
rately testing  the  individual  elements  such  as  field  spools, 
brush  rigging,  connection  boards  and  shunts. 

Should  the  general  test  indicate  the  presence  of  a  ground  in 
the  armature,  a  test  for  the  exact  location  of  the  defect  can  be 
made  by  disconnecting  the  armature  conductors  at  the  com- 
mutator and  applying  the  insulation  or  mfigneto  test  to  each 
individual  coil.  To  avoid  the  necessity  of  disconnecting  all 
of  the  armature  leads  from  the  commutator  it  is  advisable 
to  test  the  coils  in  sections.  It  should  be  remembered  that 
the  equalizer  rings  on  multiple  wound  generators  must  be 
disconnected  while  applying  this  test.  If  two  or  more  grounds 
exist  in  the  armature  the  most  expedient  test  to  apply  is  the 
drop  of  potential  method.  A  fixed  current  is  supplied  to 
adjacent  commutator  segments  successively  and  the  voltage 
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drop  read  on  the  low  voltage  scale  of  a  voltmeter.  Coils 
showing  a  drop  of  10  per  cent,  or  more  below  the  average 
indicate  the  location  of  the  grounded  points.  The  brushes 
should  be  raised  during  this  test  but  it  is  not  necessary  to 
disconnect  the  conductors  at  the  commutator  or  equalizer 
taps.  Should  the  drop  on  all  coils  prove  to  be  approximately 
equal,  the  ground  will  be  found  to  exist  in  the  commutator 
which  requires  that  all  armature  leads  be  disconnected  and  the 
individual  bars  tested  from  bar  to  shaft.  The  drop  of  poten- 
tial method  has  proved  unsatisfactory  in  so  many  instances 
that  it  is  usually  more  efficient  to  disconnect  the  individual 
coils  or  sections  of  coils  and  locate  the  ground  by  the  insulation 
or  magneto  test.  Where  a  high  potential  testing  set  is 
available,  voltage  may  be  applied  and  held  until  smoke 
appears  at  the  point  of  ground,  but  this  method  increases  the 
damage  to  the  insulation  and  thus  augments  the  difficulty  of 
making  repairs  at  the  grounded  point. 

Where  a  galvanometer  is  available,  a  low  resistance  ground 
may  be  quickly  and  accurately  located  by  the  following  method: 
A  low  voltage  current  is  passed  through  the  armature  winding 
from  a  commutator  bar  to  the  one  adjacent  to  it,  which  is 
sufficient  to  give  a  deflection  on  a  galvanometer  or  millivolt- 
meter.  A  line  is  connected  to  a  galvanometer  to  ground,  the 
other  galvanometer  connection  being  placed  on  one  of  the 
commutator  bars.  Then  pass  the  supply  and  galvanometer 
leads  from  segment  to  segment,  until  a  full  deflection  is  ob- 
tained and  zero  reading  when  the  leads  are  moved  one  segment 
further.  The  grounded  coil  then  hes  between  the  bars,  for 
which  full  deflection  was  obtained. 

OPEN  CIRCUITS 

An  open  circuit  in  the  field  winding  of  a  generator  is  located 
by  cutting  out  one  spool  at  a  time  by  short  circuiting  the 
terminal  with  a  low  resistance  copper  wire.  When  the  copper 
wire  is  applied  to  the  spool  in  which  the  defect  occurs,  it  will 
bridge  the  break  and  the  unit  will  begin  to  pick  up.     The 
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generator  should  be  operated  at  its  normal  speed  during  this 
test.  The  field  of  a  motor  is  tested  for  an  open  circuit  by 
closing  the  shunt  field  and  repeating  the  process  outlined  above. 
When  the  field  circuit  is  closed  by  the  testing  wire,  an  arc 
may  be  drawn  which  indicates  that  the  circuit  has  been 
completed  around  the  break. 

A  test  for  broken  leads  is  made  by  substituting  a  piece  of 
sheet  metal  which  touches  one  commutator  bar  at  a  time  for 
one  of  the  regular  brushes,  after  first  thoroughly  cleaning  the 
commutator  surface.  A  battery  having  a  low  voltage  and  a 
low  resistance  is  then  connected  to  the  metal  brush  and  to  the 
carbon  brush  through  an  ammeter  and  the  armature  turned 
very  slowly  by  hand  so  that  the  metal  brush  makes  a  good 
contact  with  feach  successive  commutator  bar.  A  break  in 
either  of  the  two  leads  soldered  to  a  commutator  bar  is  shown 
by  a  reduced  reading  on  the  ammeter.  A  zero  deflection  of 
the  ammeter  will  indicate  a  break  in  both  leads  when  contact 
is  made  between  the  metal  brush  and  the  segment  of  the  com- 
mutator to  which  the  defective  leads  are  attached. 

To  determine  an  open  circuit  in  an  armature,  apply  a  low 
voltage  from  a  battery  or  a  dynamo  operating  at  reduced 
voltage,  to  the  commutator  at  two  opposite  points.  The 
surface  of  the  commutator  should  be  made  perfectly  clean 
and  smooth.  Place  an  ammeter  in  the  circuit  and  see  that 
the  terminals  leading  the  current  into  and  out  of  the  commu- 
tator are  of  such  cross  section  that  they  will  touch  but  one 
segment  at  a  time  when  applied  to  the  commutator.  As  the 
armature  is  rotated  slowly,  the  open  circuit  will  be  indicated 
when  the  ammeter  deflection  drops  to  zero,  showing  that 
the  winding  to  which  the  leads  are  attached  is  completely 
open-circuited. 

SHORT  CIRCUITS 

The  presence  of  a  short  circuit  in  the  armature,  commutator 
or  fields  is  always  indicated  by  faulty  operation  of  the  unit, 
requiring  its  immediate  removal  from  service.  If  the  short 
circuit  occurs  in  the  armature  or  commutator  during  operation. 
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the  exact  spot  or  coil  can  generally  be  located  by  noting  the 
point  of  high  temperature,  or  blackening  and  charring.  Short 
circuits  in  field  spools  are  evidenced  by  a  decrease  in  the  volt- 
age of  a  generator  or  an  increase  in  the  speed  of  a  motor.  Un- 
like the  armature  coils,  the  field  coils,  if  short  circuited,  in 
most  cases  operate  cooler  than  under  normal  conditions  since 
a  percentage  of  the  exciting  current  does  not  pass  around  the 
total  number  of  turns  thus  reducing  the  heat  loss. 

The  magnetic  strength  of  a  field  coil  having  a  large  part  of 
its  turns  short  circuited,  will  be  much  weaker  than  that  of  a 
companion  coil  with  normal  turns;  consequently,  a  bar  of 
iron  held  midway  between  the  two  adjacent  spools  will  be 
pulled  toward  the  stronger  pole.  It  should  be  remembered 
that  a  double  ground  affecting  any  part  of  the 'electric  circuit 
is  equivalent  to  a  short  circuit. 

A  short  circuit  in  an  armature  or  field  coil  when  evidenced 
in  operation,  is  tested  for  by  the  drop  of  potential  method. 
In  rewinding  an  armature,  it  is  well  to  test  the  coils  for  short 
circuits  before  connecting  them  to  the  commutator.  Field 
or  armature  coils  showing  a  reading  approximately  10  per 
cent,  below  the  average  in  the  drop  of  potential  method  indi- 
cate a  short  circuit.  A  test  for  a  short  circuit  in  the  commu- 
tator is  made  by  means  of  the  insulation  resistance  or  magneto 
test. 

SATURATION 

In  order  to  ascertain  the  characteristics  of  the  magnetic 
circuit,  a  test  known  as  "saturation"  is  made.  The  character- 
istic curve  may  be  obtained  by  either  of  the  following  methods; 
"generator  saturation"  and  "motor  saturation." 

The  test  usually  made  is  "generator  saturation."  To 
obtain  a  saturation  curve  by  this  method,  the  machine  is 
driven  as  a  generator,  preferably  at  constant  speed.  If, 
however,  a  set  of  readings  is  known  for  one  speed,  they  can  be 
obtained  for  any  other  by  direct  proportion.  Hence  a  satu- 
ration curve  taken  at  any  constant  speed  at  once  gives  the 
saturation  curve  at  any  other  speed.     The  brushes  of  direct 
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current  machines  should  always  be  set  on  the  neutral  point 
when  taking  a  no-load  saturation. 

The  usual  method  of  taking  a  generator  saturation  curve  is 
to  hold  the  speed  constant,  and  then  increase  the  field  current 
step  by  step  until  at  least  125  per  cent.,  of  the  normal  voltage 
of  the  machine  is  reached,  taking  readings  at  each  step  simul- 
taneously, of  volts  armature,  volts  field,  and  amperes  field. 
After  reaching  the  maximum  value  of  the  field  current,  without 
opening  the  field,  reduce  the  current  gradually  in  four  or  five 
steps,  and  again  take  readings  to  determine  the  value  of  the 
residual  magnetism  at  various  points  along  the  curve.  Special 
care  should  be  taken  to  insure  accurate  readings  at  and  above 
normal  voltage,  since  with  alternating  current  generators, 
this  is  the  portion  of  the  curve  used  for  calculating  the  regula- 
tion imder  load.  Whenever  saturation  curves  are  taken,  a 
record  of  the  air  gap  from  iron  to  iron  should  be  made  upon 
the  record  sheet,  together  with  the  armature  and  field 
specifications. 

When  it  is  inconvenient  or  impossible  to  drive  the  machine 
as  a  generator,  a  "motor  saturation"  may  be  made.  In 
this  case,  the  machine  is  operated  as  a  free  running  motor.  The 
driving  power  must  be  furnished  from  a  variable  voltage  circuit. 
A  certain  voltage  is  impressed  upon  the  armature  and  the 
motor  field  weakened  or  increased  in  the  case  of  direct  current 
machines  to  give  normal  speed,  and  a  record  made  of  the  volts 
armature,  amperes  armature,  amperes  field,  and  speed.  The 
starting  voltage  should  be  at  least  50  per  cent,  lower  than  the 
normal  voltage  of  the  apparatus.  The  applied  voltage  at 
the  armature  should  be  increased  step  by  step  to  a  point  25  per 
cent,  above  normal  value,  and  the  field  increased  corre- 
spondingly to  keep  the  speed  constant,  the  same  readings  being 
recorded  at  the  various  steps  as  before.  Readings  should  also 
be  taken  at  three  or  four  points,  as  the  impressed  voltage 
and  field  current  are  lowered  to  approximately  the  value  at  the 
beginning  of  the  test. 

Care  should  be  taken  when  testing  direct  current  apparatus, 
as  unstable  electrical  conditions  may  develop,  and  excessive 
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Voli-meter 


speeds  result.  The  circuit  breaker  in  the  armature  circuit 
of  the  motor  driving  the  machine  must,  therefore,  be  accessible 
to  the  tester  reading  the  speed. 

ADJUSTMENT  OF  COMMUTATING  FIELD 

Some  generators  are  designed  to  operate  with  full  commutat- 
ing  field,  and  the  strength  of  the  field  is  adjusted  by  changing 
the  commutating  pole  air  gap.  Shunts  are  provided  for  the 
commutating  field  of  other    machines,   and  its  strength  is 

adjusted  by  shunting  more  or 
less  current;  the  air  gap  of 
the  commutating  poles  being 
ordinarily  left  the  same, 
although  a  combined  adjust- 
ment of  air  gap  and  shunt 
sometimes  gives  the  best 
commutation. 

The  commutating  fields  of 
all  generators  are  adjusted  at 
the  factory,  either  by  loading 
the  individual  machines,  or 
by  giving  them  the  same 
adjustment  as  a  dupUcate 
machine  which  has  been 
loaded.  In  most  cases  the 
factory  adjustment,  if  not 
disturbed  during  shipment, 
will  give  satisfactory  commutation,  but  it  may  be  necessary  to 
make  a  final  adjustment  after  the  machine  is  running  under 
operating  conditions  in  order  to  obtain  the  best  commutation. 
A  very  good  indication  of  the  proper  adjustment  of  the 
conunutating  field  may  be  obtained  by  taking  readings  of 
"current  distribution"  in  the  brush  by  drop  from  pigtail  to 
commutator  as  in  Figure  102.  A  direct  current  voltmeter  with 
a  5  volt-scale  should  be  used,  one  lead  being  held  on  the  brush 
pigtail,  or  the  brush  holder  bracket,  and  the  other  being  held 
on  the  commutator  at  various  points  along  the  side  of  the 


Points 


Rotation 


Fig.  102. — Commutating  field  ad- 
justment by  cxurent  distribution  in 
the   brush. 
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brush.  The  voltage  drop  at  any  point  is  an  indication  of  the 
current  density  in  the  brush  at  that  point,  and  the  curve 
formed  by  all  the  points  indicates  roughly  the  distribution  of 
current  across  the  face  of  the  brush,  and  is  termed  the  "cur- 
rent distribution  curve. "  An  absolutely  uniform  distribution 
of  current  gives  a  horizontal  line,  curve  A,  which  is  the  ideal 
condition  for  collecting  the  maximum  current  from  the  com- 
mutator, but  owing  to  several  factors  entering  into  the  com- 
mutation process,  this  condition  is  seldom  realized  in  practice 
except  during  heavy  overloads  on  certain  types  of  generators. 
The  average  form  of  current  distribution  curve  obtained  at 
normal  load  and  with  the  best  commutation  is  that  of  curve 
B,  sloping  slightly  downward  in  the  direction  of  rotation.  In 
the  case  of  some  low  voltage  machines  equipped  with  graphite 
brushes,  the  curve  slopes  even  more  rapidly  in  the  same 
direction. 

If  the  full  load  current  distribution  curve  corresponds 
closely  to  curve  B,  the  adjustment  of  the  conunutating 
field  is  approximately  correct.  Any  further  adjustment  must 
be  made  by  trial,  strengthening  or  weakening  the  field  by  small 
steps  and  observing  the  effect  on  commutation,  all  other  con- 
ditions remaining  the  same. 

If  on  the  other  hand  the  curve  resembles  curve  C,  sloping 
rapidly  in  the  direction  of  rotation,  and  perhaps  crossing  the 
zero  Uhe,  the  commutating  field  is  too  strong,  and  if  it  re- 
sembles curve  D,  sloping  upward  with  rotation,  the  field 
is  too  weak,  or  perhaps  reversed.  The  commutating  pole 
air  gap  should  be  adjusted,  or  if  a  shunt  is  provided,  grids 
should  be  removed  or  added,  until  the  current  distribution 
curve  at  full  load  resembles  curve  B  and  the  final  adjustment 
has  been  reached  by  trial  for  the  best  apparent  commutation. 

COMMUTATION 

In  commutating  pole  generators,  commutation  is  affected 
by  certain  mechanical  adjustments  and  refinements  as  well 
as  by  the  adjustment  of  the  commutating  poles.  When  good 
commutation  cannot  be  obtained  by  adjusting  the  commutat- 
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ing  field,  these  mechanical  features  should  be  gone  over  thor- 
oughly, trying  the  commutation  after  any  change  is  made  and 
noting  the  effect  produced. 

Go  over  all  contacts  and  make  certain  that  none  are  loose. 

Check  the  connections  and  make  certain  that  the  commutat- 
ing  field  or  any  part  of  it  is  not  reversed,  and  that  one  or 
more  of  the  main  spools  are  not  reversed. 

Check  the  brush  spacing  and  alignment  both  with  paper 
tape,  and  by  the  commutator  mica,  revolving  the  armature  to 
two  or  three  positions  to  detect  errors  due  to  variation  in  the 
thickness  of  bars  or  mica.  The  brush  spacing  should  always 
be  checked  with  reference  to  the  trailing  side  of  the  brush, 
that  is,  the  side  on  which  the  commutator  bars  leave,  and  on 
which  sparking  usually  appears.  Machines  of  certain  designs 
are  very  sensitive  to  brush  spacing,  and  a  variation  of  over 
3-^6  of  an  inch  should  be  corrected.  In  general,  the  more 
accurate  the  brush  spacing,  the  more  uniformly  good  will  be 
the  commutation. 

Check  the  mechanical  neutral,  and  try  shifting  the 
brushes  each  way  from  neutral.  Very  often  a  slight  shift  is 
advantageous. 

Go  over  the  brushes  and  see  that  they  move  freely  in  the 
holders,  and  that  the  pigtails  do  not  interfere  with  any  part 
of  the  rigging.  Check  the  pressure  and  see  that  the  fit  is 
good.     Look  for  burning  or  roughness  of  the  contact  surfaces. 

Inspect  the  surface  of  the  commutator  and  wipe  off  any 
blackening.  If  it  is  rough  or  eccentric,  causing  the  brushes 
to  chatter  or  move  in  the  holders,  it  should  be  ground  or 
stoned,  and  perhaps  turned.  Directions  for  doing  this  work 
are  given  in  Chapter  IV. 

Check  the  centering  of  the  commutating  poles  between  the 
main  poles,  and  check  both  the  main  and  commutating  pole 
air  gap. 

These  adjustments  for  commutation  should  be  supervised 
if  possible  by  someone  who  underatands  the  theory  and  opera- 
tion of  direct  current  machines,  and  is  experienced  in  adjusting 
them. 
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VOLTAGE  REGULATION 

The  voltage  regulation  of  a  seJf  excited  shunt  wound  gen- 
erator equipped  with  commutating  poles  and  pole  face  windings 
can  be  tested  by  first  bringing  the  voltage  to  the  normal 
rated  value  at  no  load;  then,  bringing  the  machine  up  to  full 
load  by  quarter  load  increments,  without  adj luting  the  field 
rheostat,  note  the  voltage  reading  at  each  point.  These 
results  if  plotted  in  the  form  of  a  curve  whose  ordinates  are 
volts  and  loads  will  give  the  voltage  characteristic  of  the  ma- 
chine showing  the  voltage  obtainable  at  all  loads  without 
field  adjustment.  A  separately  excited  shunt  wound  gen- 
erator will  operate  with  much  less  droop  in  the  voltage  curve 
than  that  of  self  excited  machines.  If  commutation  permits, 
the  droop  in  the  curve  of  either  type  may  be  decreased  by 
shifting  the  brushes  backward  against  rotation,  where  the 
unit  is  designed  with  commutating  poles.  Generators  without 
commutating  poles  will  operate  with  the  least  amount  of 
droop  if  the  brushes  are  placed  as  near  as  possible  to  the  no 
load  neutral. 

A  test  of  the  voltage  regulation  of  a  self  excited  shunt  wound 
generator  not  equipped  with  commutating  poles  or  pole  face 
windings  cannot  be  made  by  the  method  outlined  above  since 
the  armature  reaction  is  not  compensated  for  and  the  voltage 
will  drop  to  practically  zero  before  the  normal  load  point  is 
reached.  In  such  instances,  the  following  test  should  be  em- 
ployed to  secure  the  necessary  data  for  plotting  the  regulation 
curve.  A  reading  should  be  taken  first  at  the  no  load  normal 
voltage.  Without  changing  the  rheostat,  one-quarter  load 
should  be  thrown  on  and  a  reading  taken  of  amperes  armature, 
volts  armature,  amperes  field  and  volts  field.  Holding  one- 
quarter  load,  the  voltage  should  be  brought  up  to  normal  and 
the  same  readings  taken.  The  load  should  now  be  increased 
to  one-half  full  load  and  with  the  rheostat  in  the  same  position, 
similar  readings  repeated.  This  test  is  repeated  for  three- 
quarter  and  full  load.  With  full  load  on  the  machine  the 
voltage  should  be  brought  up  to  normal.  With  the  field 
rheostat  in  this  position,  the  load  is  then  taken  off  the  machine 
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and  the  rise  in  voltage  observed.  All  of  these  entries  should 
be  made  on  a  record  sheet  and  a  curve  plotted  with  amperes 
armature  as  abscissae  and  volts  as  ordinates.  If  the  voltage 
should  drop  to  zero  when  one-quarter  load  is  put  on  the 
machine,  the  load  should  be  applied  in  smaller  increments. 
The  speed  should  always  be  kept  constant  throughout 
the  test. 

The  voltage  regulation  of  compound  wound  generators  is 
adjusted  at  the  no  load  and  full  load  points.  The  regulation 
between  these  points  can  be  obtained  by  loading  the  generator 
with  successive  increments  of  one-quarter  load  each  and  plot- 
ting a  curve  with  the  resulting  data,  providing  no  adjustment 
of  the  shunt  field  rheostat  is  made.  Tests  should  be  made 
while  the  load  is  being  increased  and  decreased.  A  departure 
from  a  straight  line  drawn  between  the  no  load  and  full  load 
points  indicates  the  voltage  regulation  of  the  generator.  The 
departure  or  hump  between  the  curve  and  the  straight  line 
will  be  found  to  vary  in  amount  with  the  different  types  of 
machines  running  from  2  to  10  per  cent.  Flat  compounded 
machines  show  less  hump  than  over  compounded  units.  The 
shape  of  the  compounding  curve  is  typical  of  each  machine 
and  practically  no  change  can  be  made  in  the  unit  to  alter  its 
curve. 

SPEED  REGULATION 

Speed  regulation  is  important  in  the  operation  of  direct 
current  motors.  In  all  cases  adjustments  should  be  made  hot, 
that  is,  with  the  machine  at  its  normal  operating  temperature. 
The  voltage  must  be  held  at  a  constant  value  throughout  the 
test  for  both  shunt  and  compound  motors.  Data  for  plotting 
the  speed  regulation  curve  is  obtained  by  loading  the  machine 
beginning  at  no  load  and  advancing  to  full  load  in  small 
increments,  recording  carefully  the  speeds  at  the  intermediate 
points.  The  curve  of  shunt  wound  motors  without  commu- 
tating  poles  will  show  a  drooping  characteristic  while  similar 
machines  equipped  with  commutating  poles  will  operate  at  a 
more  constant  speed  from  no  load  to  full  load  and  in  some 
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cases  where  high  armature  reaction  is  present,  the  speed  will 
rise  as  the  load  is  applied.  A  speed  variation  from  the  normal 
rating  of  4  per  cent,  is  considered  allowable  in  good  practice 
but  the  regulation  should  not  exceed  6  per  cent,  except  in 
special  cases.  Variable  speed  motors  with  wide  speed  ranges 
such  as  2  to  1  or  even  3  to  l,when  shunt  wound,  tend  to  have  a 
rising  speed  characteristic  which  may  be  remedied  by  increas- 
ing the  air  gap  or  shifting  the  brushes  forward  in  the  direction 
of  rotation,  if  commutation  will  permit.  Where  frequent 
reversals  are  required  in  the  operation  of  such  motors,  the 
brushes  must  be  placed  and  kept  on  the  electrical  neutral  which 
is  determined  by  operating  the  motor  at  no  load  and  full  load 
under  constant  voltage,  shifting  the  brushes  until  a  point  is 
found  where  the  speed  is  the  same  in  each  direction. 

The  speed  of  a  compound  wound  motor  can  be  adjusted 
at  will  by  changing  the  strength  of  the  series  field,  weakening 
for  flat  or  constant  speed  and  strengthening  for  drooping  speed. 
A  series  wound  motor  has  a  speed  for  every  condition  of  load 
which  may  be  changed  by  shunting  the  series  field  to  give  the 
required  value.  When  speeding  up  motors  with  increasing 
load,  the  brushes  must  never  be  shifted  far  enough  as  to  pro- 
duce sufficient  armature  reaction  to  weaken  the  field.  Care- 
less shifting  of  the  brushes  under  load  has  sometimes  caused 
runaways. 

HEAT  RUNS 

When  it  is  desired  to  make  a  check  on  the  guarantee  values 
in  regard  to  temperatures  after  installation  or  to  determine 
the  maximum  loads  which  may  be  carried  without  exceeding 
safe  temperature  limits,  heat  runs  may  be  conducted  under 
the  following  conditions.  Load  the  generator  or  motor  to  its 
normal  rated  capacity  in  voltage  and  amperage.  This  can 
be  done  by  using  the  machine's  natural  load  in  its  working 
circuit  if  the  character  of  the  load  is  constant  over  a  sufficient 
period  of  time  to  allow  all  parts  of  the  machine  to  reach  the 
maximum  temperature.  Where  the  load  is  fluctuating,  a 
generator  may  be  artificially  loaded  by  the  insertion  of  a  water 
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box  or  by  the  "feeding  back"  method,  described  at  the  end  of 
this  article.  Constant  load  on  a  motor  may  be  obtained  by 
the  use  of  a  brake. 

The  time  required  for  reaching  a  constant  temperature 
varies  in  proportion  to  the  size  of  the  unit.  From  three  to 
four  hours  continuous  run  will  suffice  for  units  whose  rating 
does  not  exceed  three  hundred  kilowatts  while  above  this 
value  it  is  necessary  to  continue  the  run  from  five  to  eight 
hours.  Thermometers  should  be  attached  to  all  stationary 
parts  such  as  field  coils,  connections,  bearings,  magnet  frame 
and  where  possible,  at  the  outlets  of  the  armature  ventilating 
ducts.  It  is  customary  to  attach  these  thermometers  by 
means  of  putty  or  cord  covering  in  either  case  the  bulb  of  the 
thermometer  to  exclude  the  air.  When  the  thermometers 
register  a  constant  temperature  for  at  least  thirty  minutes,  it 
is  safe  to  assume  that  the  revolving  parts  have  reached  the 
maximum  temperature  and  that  the  unit  may  be  stopped. 
Additional  thermometers  should  be  immediately  placed  on 
the  armature  coils,  end  windings,  soldered  clips,  equalizer 
rings,  laminations  and  the  commutator  bars,  and  their  tem- 
peratures recorded. 

Should  the  test  under  normal  conditions  indicate  a  cool 
running  machine,  the  rating  may  be  increased  and  the  heat 
run  repeated  providing  the  commutation  will  permit.  The 
temperature  limits  for  the  various  classes  of  insulation  have 
already  been  given  on  page  187.  In  making  a  check  on  the 
overload  temperature  guarantees,  it  is  necessary  to  first  con- 
duct the  test  under  normal  conditions.  When  constant  tem- 
peratures have  been  reached  and  without  shutting  down,  the 
overload  should  be  applied  for  the  specified  time,  after  which 
the  unit  should  be  shut  down  and  all  temperatures  taken. 

The  water  box  method  previously  referred  to  in  this  article, 
as  the  name  implies,  consists  in  driving  the  machine  either  by 
a  motor  or  engine  and  loading  it  with  a  water  rheostat  or 
"box."  See  Figure  103.  This  method  entails  considerable 
expense,  since  all  the  power  generated  is  lost.  To  obviate 
this  loss  and  reduce  the  cost  of  testing,  the  "Feeding  Back" 
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method  is  used  when  possible,  especially  in  the  case  of  large 
direct  current  machines  or  motor  generator  sets. 

In  this  method  the  total  machine  losses  are  supplied  either 
mechanically  or  electrically  from  an  external  source.  In  the 
mechanical  loss  supply  method,  two  machines  of  the  same 


Fig.  103. 


-Sketch  showing  connections  for  loading  a  D.C.  generator  on  a 
water  box. 


size  and  voltage  should  be  belted  or  direct  connected  together 
and  driven  by  a  machine  large  enough  to  carry  the  loss  of  the 
set.  Connections  are  made  as  shown  in  Fig.  104.  If  the 
machines  have  series  fields,  each  field  should  be  connected  to 
boost  its  shunt  winding  which  requires  that  the  machine,  to 
operate  as  a  motor  must  have  its  series  field  reversed  and 
accumulatively  compounded.     Both  machines  should  then  be 
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FiQ.  104. — Sketch  showing  connections  for  mechanical  loss  supply  pump 

back. 


run  up  as  generators  and  thrown  together  by  closing  the  switch 
between  them  when  the  voltage  across  it  is  zero.  The  field  of 
the  machine  to  act  as  motor  should  then  be  weakened,  which 
throws  load  on  both  machines.  The  speed  is  held  constant 
by  the  loss  supply  motor.     After  running  at  the  proper  load 
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for  the  specified  time,  the  heat  run  shoiikl  be  taken  off  and 
tests  finished  according  to  standard  requirements. 

If  the  machines  are  motors,  the  same  connections  should 
be  made  and  the  machines  thrown  together  as  before.  The 
voltage  of  the  system  must  be  held  by  the  machine  running 
as  a  generator.  The  only  correct  way  of  obtaining  load  is  by 
changing  the  speed  of  the  set,  the  brushes  having  previously 
been  set  in  the  running  position.  Usually  the  speed  will  have 
to  be  decreased  and  the  difference  between  full  load  and  no 
load  speed  will  be  the  normal  drop  in  speed  for  the  motors. 
Cases  have  occurred  where  the  speed  of  the  motor,  due  to 
armature  reaction,  increased  during  the  load.  In  pumping 
back,  this  fact  is  shown  by  the  motor  taking  an  overload  at  no 
load  speed  in  which  case  the  speed  of  the  loss  supply  must  be 
increased. 


FiQ.  105. — Sketch  showing  connections  for  electrical  loss  supply  pump  back. 


In  the  method  of  electrical  loss  supply,  two  machines  are 
direct  connected  or  belted  together  and  the  losses  suppUed 
electrically.  Should  two  shunt  motors  be  tested  by  this 
method,  one  machine  should  be  run  at  normal  voltage,  current, 
speed  and  full  field;  the  other  motor  should  be  run  as  a 
generator  with  a  little  higher  current  and  slightly  stronger 
field  than  it  would  have  under  normal  conditions.  The  fields 
of  the  generator  may  have  to  be  connected  in  multiple.  Con- 
nections should  be  made  as  in  Fig.  105.     The  motor  should  be 
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started  first  from  the  electrical  loss  supply  circuit  and  its 
brushes  shifted  for  commutation  and  speed.  After  exciting 
the  field  of  the  generator  and  adjusting  the  voltage  between 
the  machines  to  zero,  the  circuit  is  closed.  The  machines  are 
loaded  by  increasing  the  field  current  of  the  generator. 

The  brushes  must  always  be  shifted  carefully  while  the 
machines  are  under  load,  for  a  slight  change  in  shift  will  at 
once  change  the  load.  After  the  heat  run  has  been  finished 
and  all  motor  readings  taken,  the  wiring  should  be  changed 
and  the  motor  readings  taken  on  the  machine  which  ran  as  a 
generator. 

When  compound  wound  generators  are  being  tested  by  this 
method,  the  series  field  of  the  motor  must  be  included  or  the 
load  will  be  unstable. 

Another  method  of  "Feeding  Back,"  often  used,  is  to  run 
the  entire  load  back  on  the  main  supply  circuit  from  which  the 
motor  driving  the  generator  in  test  is  operated.  If- the  main 
supply  circuit  is  likely  to  vary  in  voltage,  it  may  be  necessary 
to  insert  resistances  between  the  generator  and  supply.  It 
sometimes  happens  that  the  no  load  voltage  of  the  generator 
is  below  that  of  the  supply.  As  changing  the  line  resistances 
will  have  no  effect  at  no  load,  the  generator  voltage  must 
be  increased  until  it  is  equal  to  that  of  the  main  supply  circuit. 
Having  previously  calculated  the  full  load  field  current  from 
the  no-load  current,  and  the  ratio  of  compounding  voltages, 
the  machines  are  thrown  together  and  full  load  put  on  the 
generator  by  cutting  out  the  variable  resistance. 

CORE  LOSS 

Three  methods  are  used  to  measure  the  core  losses  on  rotat- 
ing direct-current  apparatus.  They  are  known  as  follows: 
"Running  light  core  loss,"  "Belted  core  loss,"  and  "Decelera- 
tion core  loss."  The  "running  light"  test  is  made  for  all 
direct-current  generators  and  motors  which  are  given  a  running 
test.  It  is  occasionally,  though  not  frequently,  employed 
with  alternating-current  synchronous  apparatus. 
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The  following  conditions  must  be  obtained  with  direct- 
current  apparatus  in  order  to  give  satisfactory  results:  the 
brushes  must  be  shifted  on  the  commutator  to  the  no-load 
neutral  point;  they  must  have  their  normal  tension  and  the 
commutator  must  be  clean,  so  that  the  normal  operating  com- 
mutator and  brush  friction  values  are  obtained.  This  test, 
wherever  possible,  should  be  made  after  all  the  others  have  been 
finished,  in  order  to  have  a  glossy  commutator  with  its  surface 
in  good  operating  condition.  The  driving  power  should  be 
supplied  from  a  variable  voltage  circuit  that  is  not  subject  to 
sudden  fluctuation.  Since  the  power  input  required  to  drive  the 
machine  running  free  as  motor  must  be  obtained,  its  value 
must  not  be  read  when  the  rotating  parts  are  either  accelerat- 
ing or  decelerating.  A  steady  voltage  must  be  kept  on  the 
armature  and  the  field  current  must  have  a  constant  value. 

When  "running  light"  tests  are  made  on  direct-current 
generators,  the  observations  must  be  made  with  full  load  field 
flux.  The  potential  applied  to  the  armature  must  be  equal  to 
the  normal  rated  voltage  of  the  generator  increased  by  the 
IR  drop  in  the  armature  at  full  load.  With  this  voltage  im- 
pressed, the  field  current  is  varied  until  normal  speed  is  ob- 
tained, when  careful  readings  must  be  made  of  armature  cur- 
rent, armature  voltage,  field  current,  field  voltage  and  speed. 

If  the  machine  in  test  is  a  direct-current  motor,  the  voltage 
applied  to  the  armature  should  be  equal  to  the  normal  rated 
voltage  of  the  motor,  less  the  IR  drop  in  the  armature  under 
full  load.  The  field  current  is  then  adjusted  to  give  normal 
speed  and  electrical  and  speed  readings  taken,  as  oultined 
above  for  direct-current  generators. 

The  power  supplied  to  machines  running  free  will  equal  that 
absorbed  in  bearing  friction,  brush  friction,  windage,  and  core 
loss,  when  the  armature  PR  losses  have  been  subtracted. 

In  making  records  of  these  tests,  the  testing  record  should 
show  clearly  whether  the  running  light  current  consists  of  the 
armature  current  plus  the  shunt  field  current,  or  whether  it  is 
the  armature  current  alone.  To  check  this  point,  open  the 
armature  circuit  with  the  shunt  field  circuit  closed,  and  note 
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whether  any  current  is  indicated,  on  the  ammeter,  reading  the 
power  suppUed.  If  no  current  is  indicated,  the  reading  indi- 
cates the  armature  current  alone,  otherwise,  the  running 
current  is  equal  to  the  sum  of  the  armature  and  field  currents. 
To  obtain  "running  light"  core  loss  tests,  only  a  single  field 
winding  must  be  used  for  excitation;  this  must  be  a  shunt  field 
winding. 

The  "belted  core  loss"  method  separates  the  core  loss  from 
the  bearing  friction,  brush  friction,  and  windage.  A  small 
direct-current  motor  is  used  to  drive  the  machine  under  test 
as  a  generator  at  its  rated  speed.  A  belt  drive  between  these 
machines  is  most  commonly  used.  However,  wherever  great 
accuracy  or  a  high  speed  is  .necessary,  direct  driving  by  a 
coupling  is  often  used. 

The  driving  motor  for  this  test  must  be  carefully  chosen. 
It  must  be  operated  through  the  range  of  load  required  for 
the  core  loss  test  with  good  commutation  and  with  a  fixed 
setting  of  the  brushes.  Ordinarily  a  safe  rule  to  follow  is  that 
the  motor  should  be  approximately  10  per  cent,  of  the  capacity 
of  the  machine  under  test.  The  maximum  load  which  this 
motor  should  carry  with  the  heaviest  field  on  the  machine 
under  test  should  not  exceed  50  per  cent,  of  its  normal  rated 
capacity.  The  driving  motor  should  be  operated  as  nearly 
as  possible  at  its  rated  speed  and  field  strength.  The  brushes 
should  be  carefully  set  at  the  best  position  for  good  commuta- 
tion at  all  the  loads  required  by  the  test.  The  commutator 
surface  should  be  in  first  class  condition. 

The  weight  and  width  of  the  belt  must  be  selected  to  give 
minimum  loss.  When  testing  motor-generator  sets,  rotary 
converters,  and  apparatus  which  does  not  use  belts,  the  tension 
of  the  belt  must  be  kept  as  low  as  practicable,  so  that  the 
bearing  friction  is  not  increased  due  to  the  belt  pull.  Endless 
belts  should  be  used  in  preference  to  laced  belts. 

The  driving  motor  must  be  wired  so  that  readings  may  be 
taken  of  amperes  armature,  volts  armature,  amperes  field, 
and  speed.  A  reading  should  be  taken  on  the  motor  corre- 
sponding to  normal  speed  of  the  machine  under  test.     The 
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machine  under  test  should  be  wired  with  its  field  separately- 
excited  and  provision  made  for  reading  amperes  field,  volts 
field,  and  volts  armature.  Previous  to  starting  the  test,  careful 
resistance  measurements  of  the  armature  of  the  driving  motor, 
must  be  made. 

The  test  is  then  carried  out,  as  follows:  The  field  of  the 
driving  motor  is  adjusted  to  about  normal  value  and  excited 
from  a  source  of  constant  voltage  so  that  its  value  may  be 
held  constant  throughout  the  test.  The  speed  of  the  driving 
motor  is  regulated  by  varying  the  voltage  applied  to  its  arma- 
ture terminals.  First,  run  the  driving  motor  and  the  machine 
under  test  a  sufficient  length  of  time  to  allow  the  friction  to 
reach  a  constant  value.  This  will  be  obtained  when  the  input 
on  the  driving  motor  becomes  constant  when  driving  the 
machine  under  test  without  any  field  excitation.  Careful 
readings  should  then  be  taken  first  of  the  input  to  the  driving 
motor  with  the  machine  under  test  unexcited  and  all  brushes 
down  on  the  commutator.  Following  this  reading,  a  second 
should  be  taken  with  all  brushes  raised  from  the  commutator 
of  the  machine  under  test.  The  difference  between  these  two 
sets  of  readings  will  give  the  brush  friction  on  the  machine 
receiving  the  test.  Starting  with  the  zero  field  on  the  machine 
under  test,  observations  of  the  input  to  the  driving  motor 
should  be  made  at  various  values  of  the  field  up  to  that  which 
will  give  125  per  cent,  normal  load  voltage.  Correcting  the 
motor  input  at  these  various  field  strengths  by  taking  out 
the  PR  loss  in  the  armature  of  the  driving  motor,  and  sub- 
tracting the  power  input  to  the  driving  motor  with  zero  field, 
the  core  loss  is  left  corresponding  to  the  various  field  strengths. 

In  order  to  insure  constancy  of  friction  losses  during  the 
entire  test,  the  readings  of  the  motor  input  with  zero  field 
should  be  repeated  at  least  three  times  during  the  progress 
of  the  test;  namely,  at  the  beginning,  again  near  the  middle 
point  of  the  curve,  and  lastly  at  the  end  of  the  test.  Readings 
should  also  be  taken  at  the  end  of  the  test  with  normal  voltage, 
field  current  and  with  brushes  raised  from  the  commutator, 
to  compare  with  the  reading  in  which  the  same  field  was  used 
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with  the  brushes  resting  on  the  commutator,  and  with  the 
set  of  readings  giving  the  brush  friction. 

These  values  should  be  checked  to  see  that  they  are  con- 
sistent. To  check  the  results  of  the  core  loss  as  the  test  pro- 
ceeds, the  power  input  to  the  driving  motor  required  by  the 
core  loss  at  a  given  excitation  should  be  plotted  against  volts 
armature  generated.  If  a  satisfactory  curve  is  obtained,  the 
driving  motor  can  be  unbelted  and  a  running  free  reading  taken 
upon  it,  holding  the  same  amperes  field  as  were  used  during 
the  test.  The  bearing  friction  and  windage  losses  of  the 
machine  under  test  can  be  separated. 

For  a  successful  core  loss  test,  all  readings  must  be  made  at 
absolutely  constant  speed,  when  the  rotating  parts  are  neither 
accelerating  nor  decelerating.  All  field  currents  must  be  held 
constant  No  pulsation  or  sudden  variations  must  occur  in 
the  armature  current  of  the  driving  motor  which  might  vitiate 
the  power  readings.  On  series  motors,  core  loss  tests  should 
be  taken  at  several  different  speeds  covering  the  range  of  the 
speed  curve. 

EFFICIENCIES 

Efficiency  tests,  if  required  should  be  made  whenever  possible 
on  the  manufacturer's  test  floor,  as  the  inaccuracies  of  station 
meters  and  the  lack  of  facilities  for  measuring  the  resistances 
of  circuits  make  it  almost  impossible  to  get  accurate  data  in 
practice.  Efficiencies  taken  by  the  input-output  method 
require  a  very  careful  calibration  of  all  instruments  and  in 
making  the  test  all  meters  must  be  read  at  the  same  instant. 
It  will  be  found  that  the  readings  taken  will  vary  over  wide 
ranges  and  for  this  reason  it  is  necessary  to  check  each  point 
at  least  ten  times  and  then  use  the  average  value  obtained. 
Engine  driven  units  requiring  the  making  of  indicator  cards 
to  determine  horsepower  input  furnish  another  source  of 
inaccuracy  because  of  the  difficulty  of  getting  the  input  and 
output  readings  simultaneously.  It  is  practically  impossible 
to  determine  the  exact  efficiency  of  belted,  geared  or  water 
wheel  driven  machines  after  installation. 
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On  the  test  floor  the  exact  electrical  losses  are  determined 
by  careful  measurements  of  the  load  values,  resistances  of  the 
various  circuits,  friction,  windage  and  core  losses.  These 
losses  are  added  to  the  machine's  output  measured  on  ac- 
curately calibrated  instruments.  The  efficiency  of  a  generator 
is  then  calculated  by  dividing  the  output  by  the  input  and  that 
of  a  motor  is  obtained  by  dividing  the  product  of  the  volts 
times  the  amperes  input,  minus  the  losses,  by  the  volts  times 
the  amperes  input. 

BEARING  INSULATION 

In  testing  the  insulation  between  the  bearing  pedestal  and 
the  base,  it  should  be  borne  in  mind  that  this  insulation  is  not 
required  to  resist  high  voltages  to  prevent  the  flow  of  current 
through  the  shaft.  For  this  reason  in  testing,  a  voltage  of 
125  volts  or  under  should  be  appUed  across  the  insulation 
which  is  suspected  of  being  defective.  A  ground  or  a  partial 
ground  between  the  base  and  the  bearing  pedestal  will  be 
shown  by  a  voltmeter  in  series  with  the  voltage  supply,  one 
of  whose  terminals  is  connected  to  the  base  and  the  other  to 
the  pedestal.  In  making  this  test,  the  path  of  the  current 
through  the  shaft  and  the  other  pedestal  or  other  mechanical 
parts,  back  through  the  base  must  be  broken  up.  This  is 
usually  accomplished  by  slightly  raising  the  armature  and 
fitting  a  support  which  permits  the  bearing  and  oil  ring  to  be 
separated  from  the  shaft,  thus  interrupting  the  mechanical 
path. 

STARTING  TEST 

A  starting  test  on  a  motor  is  made  to  determine  whether  or 
not  the  lights  or  other  apparatus  operating  in  the  same  circuit 
are  affected  when  the  motor  is  thrown  on  the  line.  The  test 
may  be  made  as  follows:  Place  an  ammeter  in  series  with  the 
motor  line,  the  instrument  having  a  sufficient  capacity  to  take 
the  maximum  load  required.  The  line  voltage  should  be 
noted  and  compared  with  the  voltage  rating  on  the  name- 


MOTOR  AND  GENERATOR  TESTS  AND  REPAIRS       241 

plate.  Close  the  shunt  field  circuit  as  in  usual  practice  and 
place  the  starting  switch  on  the  first  point.  The  maximum 
swing  of  current  should  be  read  on  the  ammeter  and  also  the 
drop  in  voltage.  As  soon  as  the  current  reaches  a  constant 
value,  the  starting  box  is  moved  to  the  second  point  again 
recording  the  current  and  voltage.  This  process  is  continued 
over  the  entire  range  of  resistance  until  the  motor  is  running 
directly  on  the  line,  that  is,  with  all  resistance  cut  out.  Should 
it  be  found  that  the  starting  of  the  motor  is  responsible  for  a 
line  disturbance  affecting  the  other  units  or  lights,  a  starting 
box  with  a  greater  number  of  points  should  be  installed  to 
relieve  the  trouble  by  reducing  the  amount  of  current  required 
in  each  step. 

fflGH  POTENTIAL  TESTS 

All  direct  current  machines  are  given  a  high  potential  test 
before  testing,  using  an  alternating  current  voltage  which  is 
applied  for  one  minute  for  all  standard  work.  The  voltage 
is  varied  to  suit  the  voltage  of  the  machine  and  the  type  of 
insulation  with  which  it  is  fitted.  Standard  practice  requires 
a  test  of  double  the  working  voltage  plus  one  thousand  but 
fifteen  hundred  volts  is  the  minimum  value  used  for  new 
machines.  Rebuilt  or  repaired  direct  current  units  should 
not  be  subjected  to  voltages  of  more  than  one-half  of  the  values 
given  due  to  the  aging  and  depreciation  of  the  insulation  in 
service.  The  usual  insulation  test  by  use  of  a  voltmeter  in 
series  with  the  power  circuit  is  sufficient  to  indicate  a  weaken- 
ing of  the  insulation  without  applying  the  high  potential  test 
which  may  result  in  a  complete  failure  of  the  insulation.  No 
machine  should  be  subjected  to  a  high  potential  test  unless  it 
has  been  previously  cleaned  thoroughly  and  dried  out  if 
necessary. 
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REPAIRS 

Replacing  Armature  Coils — Replacing  Commutator  Seg- 
ments— Field  Coils — Damaged  Insulation — Equal- 
izer Rings- — Reconnecting  An  Armature — Broken 
Commutator  Bolts — Short  Circuited  Commutator 
Segments — ^Loose  Cores  and  Defective  Laminations 
— Wedges — Rebabbitting  Bearings — Drying  Out. 


REPLACING  ARMATURE  COILS 

In  addition  to  ordering  the  required  number  of  new  coils 
and  wedges,  slot  insulation  (if  any)  and  binding  band  material 
should  be  ordered.  Make  a  note  of  the  location,  number  of 
turns,  and  method  of  fastening  the  old  bands  before  cutting 
them  off. 


/?ope  or  Cable 
wound  over 
Armature  Core 


Armai-ure 


Weiofhtor  Sprinof  daloince 


Fig.   106. — Winding  armature  binding  bands  under  tension. 

Always  drive  the  old  wedges  outward  from  the  center  and 
drive  the  new  ones  toward  the  center  from  each  end,  in  order 
to  avoid  wearing  the  edges  any  more  than  necessary.  In 
soldering,  be  careful  not  to  drop  pieces  of  solder  into  the 
armature  or  into  the  commutator.  Do  not  use  an  acid  that 
will  attack  the  copper,  or  the  insulation  (rosin  dissolved  in 
alcohol  is  the  best  flux  for  electrical  joints.)  In  winding  on 
the  new  binding  bands,  the  tension  should  be  measured  as  the 
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wire  goes  on.  Figure  106  shows  a  simple  method  of  measuring 
the  tension,  and  the  following  table  gives  the  proper  tension 
for  various  sizes  of  wire  for  one  and  two  layer  bands. 

Minimum  Tension  (in  Lib.)  on  Steel  Binding  Wire 


One  layer 

Two  layers 

Bottom  layer 

Top  layer 

0.057 
0.072 
0.091 
0.102 

180  to  220 
400  to  450 
500  to  550 
500  to  600 

450 
550 
600 

400 
475 
500 

The  pulleys  must  not  be  less  than  8  inches  in  diameter  and  the 
weight  must  be  twice  the  desired  tension  in  the  wire.    A  cubic 


Fig.  107. — Armature    partly    wound    showing    insulation    and    method    of 

connecting. 


foot  of  cast  iron  weighs  450  lb.  When  an  armature  has  been 
completely  rewound,  it  must  be  banded  temporarily  up  to  the 
full  tension  and  baked,  before  the  final  bands  are  put  on. 
Unless  the  binding  bands  are  given  the  proper  tension,  so  that 
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they  will  remain  tight,  the  windings  will  chafe  and  finally 
break  down. 

In  removing  a  defective  armature  coil,  it  is  necessary  to 
disturb  the  conductors  over  one  or  more  pole  pitches  and  care 
must  be  taken  to  prevent  damage  to  the  insulation  where  it  is 
necessary  to  bend  or  spring  the  coils  during  removal.  Before 
the  conductors  are  replaced  they  should  be  given  a  thorough 
coating  of  insulating  varnish  to  close  all  breaks  or  cracks. 
Since  full  difference  of  potential  occurs  between  the  upper  and 
lower  conductors  in  the  slot  and  between  the  end  windings 
close  to  the  end  of  the  core,  the  insulation  at  these  points 
should  be  made  as  perfect  as  possible  when  new  coils  are  in- 
stalled or  when  an  armature  is  rewound.  Slot  armor,  whether 
moulded  on  the  bars  or  used  as  a  trough  in  the  slot,  should  be 
closely  examined  for  indications  of  cutting  caused  by  loose 
laminations.  Flange  insulation  under  the  end  windings  should 
be  of  uniform  thickness,  ironed  in  place  under  pressure  and 
heat  to  form  a  solid  bed  supporting  the  conductors  when  the 
pressure  of  the  binding  bands  is  brought  to  bear. 

REPLACING  COMMUTATOR  SEGMENTS 

Wlien  it  is  necessary  to  replace  a  commutator  segment  in 
service,  first  cut  or  unsolder  the  connection  of  the  faulty  bar 
to  the  armature.  Wrap  the  commutator  circumferentially 
with  sufficient  turns  of  ordinary  binding  wire  or  apply  special 
steel  rings  fitted  with  sectional  tightening  and  clamping  blocks, 
to  insure  the  integrity  of  the  commutator  while  the  front  clamp 
ring  is  removed.  Then  remove  the  clamping  ring  bolts  and 
withdraw  the  clamping  ring  on  the  outer  end  of  the  commu- 
tator. If  this  ring  is  sectional,  remove  only  the  section  which 
the  defective  bar  affects.  Loosen  and  slide  out  the  faulty 
segment  and  replace  with  a  new  one;  where  necessary  insert 
new  side  mica.  Repair  commutator  segments  are  usually 
shipped  with  the  V  notch  unfinished,  which  must  be  filed  to 
an  accurate  fit,  using  one  of  the  old  bars  as  a  templet.  Too 
much  care  cannot  be  used  in  fitting  the  new  bars,  as  a  poor 
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fit  may  cause  considerable  trouble  in  getting  the  commutator 
settled  and  smooth.  Damaged  bed  or  ring  mica  should  be 
built  up  to  a  uniform  thickness,  using  thin  sheets  of  mica. 
The  front  cone  mica  can  be  replaced  without  disturbing  the 
commutator,  but  replacement  of  the  bed  mica  demands  a 
complete  rebuilding  of  the  commutator.  In  replacing  the 
cone  mica  on  the  inner  ring,  the  commutator  should  be  dis- 
connected from  the  armature  windings  and  pressed  off  the 
shaft  or  spider  in  order  to  expose  the  bolts  and  clamping  ring. 
Commutators  constructed  with  through  bolts  should  be 
handled  with  great  care  to  prevent  the  back  end  from  be- 
coming displaced  by  the  removal  of  the  bolts  during  repairs. 
When  shrink  rings  are  fitted,  in  addition  to  the  clamping 
rings,  it  is  necessary  to  heat  the  shrink  ring  and  remove  the 
ring  together  with  its  insulation  before  a  bar  can  be  inserted. 
After  replacing  bars,  the  commutator  bolts  must  not  be  tight- 
ened to  such  an  extent  as  to  distort  the  clamping  rings,  break 
the  mica  insulation,  or  spring  and  break  the  copper  segments. 
It  is  always  necessary  to  turn  or  grind  the  commutator  to 
insure  a  smooth  running  surface  where  a  replacement  of  seg- 
ments has  been  made. 

When  a  commutator  must  be  rebuilt,  the  correct  number 
of  segments  and  pieces  of  mica  are  assembled  in  the  form  of  a 
circle,  shellacing  the  mica  strips  as  they  are  placed  between 
the  bars.  The  segments  are  made  to  conform  to  a  circular 
shape  by  placing  them  in  an  assembly  ring  adjusted  by  screw- 
ing segmental  blocks  in  or  out.  The  segments  held  firmly  in 
the  ring  are  then  placed  in  a  lathe  and  the  V  notches  cut  out  at 
each  end.  Bed  mica  is  fitted  around  the  spider  and  cone  mica 
on  each  clamping  ring.  The  bars  are  then  clamped  tightly 
and  evenly  between  the  two  rings  making  sure  that  the 
center  line  of  the  bars  is  parallel  with  the  center  line  of  the 
machine. 

After  the  cone  or  bed  mica  has  been  replaced  or  the  com- 
mutator completely  rebuilt,  it  must  be  seasoned  or  baked  to 
remove  the  solvents  from  the  mica  insulation  and  thus  prevent 
shrinkage  and  loosening  of  the  commutator  in  service.     This 
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may  be  accomplished  by  placing  the  entire  commutator  in  an 
oven  and  heating  for  from  ten  to  twenty  hours,  depending  upon 
the  size  of  the  commutator,  at  a  temperature  of  from  150 
degrees  to  200  degrees  Centigrade.  Vent  holes  should  be 
drilled  to  facilitate  the  easy  exit  of  the  gases  from  the  commuta- 
tor as  described  under  "Drying  out." 

FIELD  COILS 

A  defective  field  coil  may  be  removed  from  a  direct  current 
machine  for  repairs  or  replacement  by  withdrawing  the  bolts 
holding  the  pole  to  the  frame  structure  or  by  removing  the 
bolts  holding  the  pole  faces  to  the  main  pole  cores.  After 
the  connection  strips  are  disconnected,  the  pole  piece  with  the 
spool  in  place  is  carried  along  the  armature  to  a  position  where 
the  core  may  be  slid  out  without  disturbing  the  armature.  It 
is  well  to  place  a  strip  of  cardboard,  fibre  or  padding  in  the  air 
gap  at  the  point  where  the  pole  is  to  be  moved  in  order  to 
protect  the  armature.  Where  it  is  necessary  to  unbolt  the 
pole  face,  the  armature  must  be  first  withdrawn  or  the  magnet 
frame  separated  if  it  is  constructed  in  two  halves. 

If  the  coil  is  damaged  beyond  repair  it  should  be  replaced 
with  a  new  coil  or  rewound.  The  insulation  on  the  spool  body 
should  be  examined  and  replaced  if  damaged,  punctured  or 
rendered  ineffective  by  age.  New  collars  are  substituted  for 
those  which  have  become  spHt,  warped  or  burned.  This  is 
done  by  straightening  out  the  sheet  iron  body  and  constructing 
new  collars  of  laminated  maple  wood  or  fibre.  New  shunt 
wire  may  be  rewound  where  short  circuits  between  turns  have 
developed  but  the  series  turns  usually  require  simply  a  re- 
newal of  the  insulation  unless  the  copper  has  been  badly 
burned.  Mummified  coils  have  no  collars  or  spool  bodies  and 
are  generally  mounted  directly  on  the  core  necessitating  a 
heavy  outside  insulation.  Commutating  fields  are  sometimes 
wound  upon  the  insulated  core  held  in  place  by  insulated  bolts 
and  washers  but  are  most  alwaj'^s  mounted  on  spools  in  a  similar 
manner  to  that  employed  on  the  main  field  poles.     Pole  face 
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or  compensating  windings  are  repaired  and  replaced  in  the 
same  way  as  armature  coils. 

DAMAGED  INSULATION 

Damaged  insulation  should  be  immediately  repaired  as 
soon  as  it  is  noticed,  using  wherever  possible  materials  similar 
to  those  originally  employed.  The  following  insulating  mate- 
ritils  are  recommended  for  use  in  making  repairs:  shellac, 
insulating  varnish,  linseed  oil,  japan,  enamel,  adhesive  tape, 
cotton,  silk,  cambric,  rubber,  fibre,  mica,  glass,  slate  and  por- 
celain. A  standard  insulating  varnish  having  a  mineral  base 
can  be  procured  from  any  electrical  supply  house  for  use 
in  making  repairs  but  in  emergencies  shellac,  linseed  oil  or 
japan  will  serve  the  purpose  well. 

Small  cuts  or  breaks  in  new  insulation  should  be  sealed  by 
painting  with  insulating  varnish  and  taping,  where  space 
permits,  with  treated  tape.  Charred  or  burned  insulation  on 
grounded  or  short  circuited  coils  must  be  scraped  clean  to  the 
copper  to  remove  all  traces  of  carbon  and  then  submitted  to 
the  insulating  varnish  and  tape  treatment.  The  tape  to  be 
applied  should  be  the  same  as  that  originally  used  and  heat 
resisting  or  fireproof  insulation  such  as  mica  must  not  be 
replaced  by  treated  cloth  or  cambric  except  in  emergency 
situations.  It  is  usually  more  economical  and  far  more 
reUable  in  cases  of  badly  damaged  insulation,  to  replace  the 
defective  parts  with  new  ones  rather  than  to  attempt  a  repair. 

Due  to  a  continued  high  temperature  or  a  very  long  period 
of  use,  the  insulation  may  have  become  dried  out  or  lost  its 
life.  Cracking  and  peeling  will  occur  upon  slight  disturbances, 
vibration  or  handling,  and  a  treatment  must  be  given  to  in- 
sure against  a  complete  breakdown  The  armature  and  field 
coils  should  be  raised  to  a  temperature  of  from  100  degrees 
to  150  degrees  Centigrade  by  loading  or  heating  in  an  oven 
and  then  dipped  in  a  bath  of  insulating  varnish  and  allowed 
to  cool  off  slowly.  This  process  should  be  repeated  until  the 
surface  of  the  coils  presents  a  solid  appearance  showing  that 
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all  of  the  pores  and  cracks  have  been  completely  filled.  A 
thorough  baking  in  an  oven  should  then  be  given  at  a  tem- 
perature of  100  degrees  Centigrade,  unless  the  operating  value 
exceeds  this  value  in  which  case  the  temperature  should  be 
raised  to  a  point  slightly  above  the  maximum  running  tem- 
perature to  prevent  a  softening  and  running  out  of  the  insul- 
ating material  in  service.  The  baking  should  be  continued 
for  from  10  to  15  hours,  that  is,  until  all  solvents  have  been 
completely  vaporized.  The  above  treatment  should  be  given 
to  machines  whose  service  requires  them  to  operate  under 
moist  conditions  where  no  provision  has  been  made  for  such 
operation  in  their  design.  In  addition  to  dipping  and  baking 
the  armature  and  fields  it  is  well  to  spray  the  metal  parts  such 
as  the  pole  pieces,  the  inside  of  the  frame  and  the  brush  holder 
yoke,  with  air  drying  japan  or  varnish  to  exclude  moisture 
and  thus  prevent  rusting.  Small  bolts  under  one-half  an  inch 
in  diameter,  springs,  nuts  and  washers  should  be  sherardized 
or  copper  plated  and  all  bushings  and  insulating  washers 
dipped  in  hot  Unseed  or  varnish  to  prevent  warping  and  dis- 
tortion during  operation. 

Side  mica  on  the  commutator,  burned,  charred  or  honey- 
combed with  carbonized  paths  must  be  replaced  by  sheets  of 
new  mica  if  the  burning  has  extended  to  a  depth  of  more  than 
one-half  inch.  Temporary  repairs  can  be  made  by  cutting 
away  the  carbonized  mica  and  removing  all  burnt  particles 
and  filling  the  slot  with  commutator  compound.  If  it  is 
impossible  to  secure  this  compound  already  prepared  for  use 
or  if  the  emergency  demands  immediate  action,  a  paste  made 
of  water  glass  and  Plaster  of  Paris  may  be  applied  after  the 
burned  particles  have  been  thoroughly  scraped  out. 

EQUALIZER  RINGS 

Equalizer  rings  connecting  equal  potential  points  on  multi- 
ple wound  armatures  are  mounted  either  at  the  back  or  coup- 
ling end,  or  at  the  commutator  end.  In  the  latter  case,  the 
connections  are  made  directly  to  the  risers  or  leads.     Repairs 
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to  defective  equalizers  consist  in  a  replacement  of  burnt  or 
damaged  conductors,  repairs  to  insulation  and  perfecting 
mechanical  joints.  Faulty  rings  should  be  disconnected  from 
the  armature  coils  at  either  end  and  the  insulation  completely 
replaced  over  the  entire  length  of  the  damaged  portion.  Where 
the  equalizer  rings  and  leads  are  separated  by  air  spaces,  it 
is  unnecessary  to  remove  the  entire  number  during  replace- 
ment, but  on  an  armature  which  is  equalized  at  every  slot, 
having  the  rings  mounted  so  that  they  fit  one  in  the  other,  it 
is  advisable  to  remove  all  of  the  rings  after  first  loosening  the 
holding  brackets  or  cords.  The  damaged  insulation  or  defect- 
ive rings  should  be  replaced  and  the  entire  group  blown  out 
with  compressed  air.  The  rings  are  then  reassembled,  corded 
and  fitted  to  the  machine.  Where  an  oven  is  available  to- 
gether with  a  tank  of  sufficient  size  to  permit  the  assembled 
rings  to  be  dipped  as  a  unit,  a  thorough  filling  with  a  good 
insulating  varnish  can  be  applied  after  first  heating  the  set  of 
rings  and  then  finally  drying  by  baking  in  the  oven  to  a  tem- 
perature of  from  100  degrees  to  150  degrees  Centigrade. 

Additional  equalizers  are  fitted  on  an  armature  when  trouble 
has  developed  due  to  too  few  equalizers,  without  disturbing 
the  rings  already  in  place,  by  inserting  the  new  rings  either 
above  or  below  the  old  ones  and  connecting  them  to  the 
proper  armature  end  clips.  The  new  spacing  is  determined 
from  the  old  spacing,  counting  the  number  of  end  clips  between 
connections  to  locate  the  new  equal  potential  points.  Wher- 
ever possible  a  complete  set  of  equalizers  should  be  installed 
with  a  connection  for  at  least  each  slot  in  the  armature  and 
preferably,  for  each  end  clip.  This  requires  discarding 
entirely  the  old  equalizers  and  making  up  an  involute  type 
which  may  be  mounted  horizontally  or  vertically  on  the  arma- 
ture spider  or  special  ring  provided  for  the  purpose.  It  should 
be  remembered  that  a  machine  with  an  odd  number  of  slots, 
that  is,  a  number  not  divisible  by  the  number  of  poles,  cannot 
be  equalized.  Taps  for  the  first  equalizer  ring  should  be 
located  by  marking  the  armature  end  clip  directly  under  the 
center  of  all  poles  of  like  polarity  and  joining  these    clips 
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iogother  with  a  copper  connection.  The  other  rings  will 
follow  in  the  regular  order,  after  the  proper  relation  of  the 
first  ring  is  established.  Armatures  having  four,  six,  eight 
or  more  conductors  per  slot  may  present  a  mechanically  im- 
possible problem  to  equalize  all  of  the  end  clips  and  in  such 
cases  care  must  be  taken  to  select  for  connections  the  end 
clips  in  the  same  relation  in  all  of  the  slots  around  the  armature. 

RECONNECTING  AN  ARMATURE 

After  an  armature  has  been  rewound,  the  wiring  diagram 
of  the  machine  should  be  consulted  in  order  to  determine  the 
proper  connection  to  the  commutator.  If  the  wiring  diagram 
is  unavailable,  a  sketch  of  the  connections  should  be  made 
before  the  old  winding  is  stripped  and  it  is  also  advisable  to 
mark  one  or  more  slots  and  one  or  more  corresponding  com- 
mutator segments  as  a  starting  point  for  connecting  the  new 
coils. 

Armatures  designed  for  600  or  250  volt  service  may  be 
reconnected  for  300  or  125  volt  service,  providing  that  the 
number  of  conductors  per  slot  is  such  that  two  conductors 
may  be  placed  in  multiple.  For  example,  reconnection  for  a 
lower  voltage  is  possible  where  four  or  eight  conductors  per 
slot  are  found,  since  a  conversion  to  two  or  four  conductors 
can  be  effected  by  connecting  the  bars  in  multiple  at  the  end 
clips  or  at  the  commutator.  Reconnection  for  half  voltage 
cannot  be  made  where  six  or  ten  conductors  per  slot  are  fitted 
since  connecting  pairs  in  multiple  will  still  leave  an  odd  con- 
ductor. The  commutator  segments  must  also  be  placed  in 
multiple,  which  may  be  done  by  soldering  the  end  clips  to- 
gether at  the  risers  or  by  soldering  a  copper  strap  at  the  end 
of  each  pair  of  bars  to  be  paralleled.  The  current  carrying 
capacity  of  the  armature  conductors  after  reconnection  will 
be  doubled,  while  the  generated  voltage  is  reduced  to  one-half 
its  former  value.  Operation  under  the  double  current  depends 
upon  the  brush  capacity,  which  is  the  usual  limiting  feature. 
The  new  kilowatt  rating  must  be  based  upon  the  brush  and 
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(ioininutator  (capacity.  Aiiempis  to  increase  the  width  of  tlu; 
brush  to  accommodate  the  increased  (Uirrent  are  generally 
impractical  due  to  too  much  overlap  of  the  segments.  When 
the  current  is  doubled,  the  field  connections  must  be  so 
arranged  as  to  put  the  two  halves  of  the  series  and  commutat- 
ing  fields  in  multiple  in  order  to  obtain  the  same  field  strength 
as  before.  New  shunts  for  adjustment  of  the  series  and  com- 
mutating  fields  are  required.  Due  to  the  reduction  in  voltage, 
the  shunt  fields  must  be  connected  with  both  halves  in  multiple, 
reducing  the  total  resistance  to  one  quarter  of  its  value.  A 
new  shunt  field  rheostat  must  be  installed  to  accommodate 
the  doubled  current  although  each  half  of  the  field  receives 
the  same  amount  as  before. 

An  armature  can  be  reconnected  for  double  voltage  if  a 
number  of  conductors  per  slot,  such  as  four  or  eight  are  em- 
ployed, by  connecting  the  adjacent  conductors  in  each  slot 
in  series  instead  of  multiple,  but  this  requires  a  rebuilding  of 
the  commutator  to  double  the  number  of  its  segments  and  new 
shunt,  series  and  commutating  field  coils.  Unless  new  shunt 
coils  are  furnished,  a  field  rheostat  must  be  installed  to  reduce 
the  voltage  across  the  field  to  one  half  of  its  value,  entailing 
a  great  inefficiency.  The  insulation  of  the  armature  conduc- 
tors and  creepage  surfaces  must  be  sufficient  to  withstand  the 
double  voltage,  which  usually  requires  another  change.  For 
these  reasons  it  is  seldom  advisable  to  reconnect  a  machine 
for  a  higher  voltage. 

BROKEN  COMMUTATOR  BOLTS 

Broken  commutator  bolts  should  be  replaced  as  outlined 
fully  on  page  169  by  substituting  a  bolt  of  sufficient  length  to 
permit  of  considerable  expansion.  The  drilling  for  the  short 
bolt  in  the  commutator  should  be  continued  until  a  depth  is 
reached  which  permits  the  use  of  a  bolt  from  two  and  one-half 
to  three  times  the  length  of  the  original  bolt.  The  new  bolt 
should  be  "necked  down"  just  above  the  threads  for  a  distance 
equal  to  at  least  two  diameters.     The  reduction  in  diameter 
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or  "necking  down  "  should  not  bring  the  size  of  the  bolt  below 
the  dimension  at  the  bottom  of  the  thread.  Both  ends  of  the 
commutator  should  be  given  this  treatment  even  though  the 
trouble  may  have  developed  in  one  end  only.  In  case  it  is 
mechanically  possible  to  drill  the  spider  the  entire  length  and 
use  long  through  bolts,  to  hold  both  front  and  back  clamping 
rings,  it  is  advisable  to  adopt  this  arrangement.  The  through 
bolts  should  be  reduced  in  diameter  in  the  center  over  a  space 
of  from  three  to  four  diameters  as  mentioned  above.  The 
commutator  bolts  should  be  carefully  and  evenly  tightened 
after  replacement. 

SHORT-CIRCUITED  COMMUTATOR  SEGMENT 

The  repair  for  a  short-circuited  commutator  segment  is 
described  in  Chapter  VII  on  page  167. 

LOOSE  CORES  AND  DEFECTIVE  LAMINATIONS 

The  repair  for  these  failures  has  been  outlined  in  Chapter 
VII  on  "Troubles  and  Their  Remedies"  on  page  195. 

WEDGES 

Wedges  cause  trouble  when  improperly  seasoned,  due  to 
shrinkage.  In  service  they  tend  to  loosen  and  fly  out  thus 
permitting  the  armature  conductor  to  move  in  the  slot  and 
chafe  its  insulation,  or  even  to  fly  out  against  the  pole  piece 
with  the  danger  of  wrecking  the  machine.  Various  materials 
are  used  in  the  manufacture  of  wedges  such  as  fibre,  brass, 
wood  and  steel.  Of  these,  cross  grained  hard  wood  has  given 
the  best  results.  Since  the  wedges  when  driven  into  place 
are  slightly  reduced  in  size,  it  is  inadvisable  to  make  use  of  the 
same  wedge  when  rewinding  the  armature,  especially  in  the 
case  of  high  speed  armatures  where  a  great  strain  is  placed 
upon  the  wedges. 

REBABBITTING  BEARINGS 

Before  melting  out  the  old  babbitt,  take  particular  note  of 
the  oil  grooves  and  holes,  and  the  beveling  at  the  joint,  making 
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a  sketch,  if  necessary,  so  that  these  features  can  be  dupHcated. 
A  piece  of  pipe,  or  other  metal  cylinder  of  the  proper  size  may 
be  used  for  a  mold,  closing  the  openings  between  the  shell 
and  the  mold  at  the  ends,  with  felt  or  putty.  When  the  new 
babbitt  is  cool,  the  two  halves  of  the  bearing  should  be  put 
together,  and  bored  or  reamed  to  the  proper  size.  The  oil 
holes  should  be  drilled  out  and  the  grooves  bored  or  chipped. 
The  shaft  may  be  used  as  a  mold,  if  necessary,  wrapping  a  thin 
piece  of  paper  around  it  to  prevent  sticking,  and  the  bearing 
fitted  by  filing  and  scraping. 

DRYING  OUT 

If  a  machine  has  not  been  exposed  to  rain  or  unusual  damp- 
ness and  has  been  set  up  in  a  dry  operating  station,  no  drying 
out  will  be  necessary.  If,  on  the  other  hand,  a  machine  has 
been  long  exposed  to  the  weather,  or  has  been  wet,  or  has  been 
set  up  in  a  new  station  not  warmed,  or  damp  owing  to  fresh 
concrete  or  other  causes,  the  following  precautions  should  be 
taken. 

A  simple  shunt  machine  should  have  its  field  opened  and 
its  armature  short-circuited  by  a  cable  which  will  carry  two 
or  three  times  the  normal  armature  current  and  which  is  also 
of  sufficiently  low  resistance  to  constitute  a  "dead  short- 
circuit."  When  a  generator  of  standard  design  is  driven  at 
normal  speed  under  such  conditions,  the  residual  magnetism 
will  cause  a  circulating  current  to  flow  in  the  armature,  its 
value  being  between  normal  full-load  current  and  twice  this 
amount,  which  is  a  good  working  value  for  drying  out.  Should 
it  be  found  that  the  residual  magnetism  will  not  cause  a  suffi- 
cient current  flow,  the  shunt  field  should  be  very  weakly 
excited  from  some  external  source  (the  low  field  current  nec- 
essary can  be  obtained  either  from  a  very  low-voltage  source 
direct  or  from  an  ordinary  voltage  source  by  inserting  a  high 
resistance  in  the  field  circuit).  If  severe  sparking  takes  place 
at  the  commutator  when  operating  under  these  conditions  it 
can  be  minimized  by  giving  the  brushes  a  forward  shift. 
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Ordinarily  enough  heated  air  will  be  thrown  off  the  rotating 
armature  to  dry  out  the  field.  In  case  this  proves  to  be  insuffi- 
cient, or  only  the  field  is  damp,  heat  can  be  localized  in  the 
field  winding  while  the  machine  is  at  rest  by  connecting  the 
spool  to  an  external  source  of  excitation.  From  quarter  to 
normal  voltage  should  be  applied,  depending  on  the  dampness 
of  the  spools. 

It  has  been  suggested  that  a  machine  can  be  dried  out  by 
applying  alternating-current  to  the  field  winding  while  the 
armature  is  short-circuited.  This  method  is  open  to  the 
serious  objection  that  the  alternating  flux  will  cause  excessive 
heating  in  those  parts  of  the  magnetic  circuit  which  are  not 
laminated. 

A  commutating-pole  machine  that  has  no  series  field  winding 
should  be  dried  out  in  the  same  manner  as  described  for  a 
simple  shunt  machine.  Care  should  be  taken  that  the  brushes 
are  not  back  of  the  neutral  but  are  slightly  forward  of  it.  The 
commutating-pole  winding  is  to  be  wired  in  exact  accordance 
with  the  standard  diagram  of  connections  for  operation; 
and  the  short-circuit  placed  on  the  machine  is  to  include  the 
commutating-pole  winding  as  well  as  the  armature. 

A  compound  machine  should  be  dried  out  as  described  in 
the  foregoing  except  that  the  series-field  winding  should  be  cut 
out  of  circuit  entirely.  The  latter  is  a  precaution  to  prevent 
the  possibility  of  the  machine  building  up  as  a  series  generator 
in  case  no  external  excitation  is  applied  to  the  shunt  field. 

While  the  above  instructions  apply  to  all  sizes  of  machines, 
where  the  unit  is  small  and  easily  handled  and  where  an  oven 
is  available,  it  may  be  more  convenient  to  thoroughly  dry  out 
the  machine  by  baking  it  in  the  oven  at  a  temperature  of  from 
100  to  150  degrees  Centigrade,  until  the  insulation  resistance 
measures  approximately  500,000  ohms.  If,  after  an  extended 
baking,  this  value  cannot  be  obtained,  it  is  an  indication  that 
moisture  is  pocketed  in  such  a  way  that  it  cannot  escape  even 
though  vaporized.  This  trouble  is  usually  found  to  exist  in 
the  commutator  at  the  clamping  ring  insulation  or  the  body 
mica.     As  a  remedy,  vent  holes,  not  exceeding  one-half  an  inch 
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in  (liameter,  may  be  drilled  in  the  rings  or  spider,  or  both,  to 
allow  the  escape  of  all  vapors.  The  drilled  holes  should  be 
carefully  plugged  and  sealed  before  operation  is  resumed  to 
prevent  the  entrance  of  dirt,  grease  and  foreign  matter.  In 
drilling  the  vent  holes  great  care  must  be  exercised  to  keep 
the  drill  from  damaging  the  mica  insulation.  If  possible,  a 
drawing  of  the  commutator  should  be  obtained  from  the  manu- 
facturer to  locate  the  vent  holes  to  the  best  advantage. 


CHAPTER  IX 

USEFUL  DATA 

Safety  Rules — Resuscitation  Methods — Standard  Sizes 
OF  Cables  to  be  Used  in  Connection  with  D.-C. 
Generators — Width  of  Belts — Data  on  Copper 
Wire. 

SAFETY  RULES 

For  Men  Handling  Electrical  Circuits  or  Apparatus 

Rules. — These  safety  rules  should  be  carefully  read  and 
studied. 

Warnings. — Employees  whose  duties  do  not  require  them  to 
approach  or  handle  electrical  equipment  and  lines  should  keep 
away  from  such  equipment  or  lines. 

They  should  cultivate  the  habit  of  being  cautious,  heed 
warning  signs  and  signals,  and  always  warn  others  when  seen 
in  danger  near  hve  equipment  or  lines. 

Inexperienced  Employees. — No  employee  should  do  work 
for  which  he  is  not  properly  qualified  on  or  about  live  equip- 
ment or  lines,  except  under  the  direct  supervision  of  an  ex- 
perienced or  properly  qualified  person. 

If  an  employee  is  in  doubt  as  to  the  proper  performance  of 
any  work  assigned,  he  should  request  instructions  of  foreman 
or  other  responsible  person.     DON'T  TAKE  CHANCES. 

Workmen  whose  employment  incidentally  brings  them  in 
the  neighborhood  of  electrical  supply  equipment  or  lines,  with 
the  dangers  of  which  they  are  not  familiar,  should  proceed  with 
their  work  only  when  authorized.  They  should  be  accom- 
panied by  a  properly  qualified  and  authorized  person,  whose 
instructions  must  be  strictly  obeyed. 
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Personal  Caution. — Employees  about  live  equipment  or  lines 
should  consider  the  effect  of  each  act,  and  do  nothing  which 
may  endanger  themselves  or  others.  Employees  should  be 
careful  always  to  place  themselves  in  a  safe  and  secure  position 
to  avoid  slipping,  stumbling,  or  moving  backward  against 
live  parts.  The  care  exercised  by  others  should  not  be  rehed 
on  for  protection. 

REMEMBER,  PERSONAL  CAUTION  IS  THE  GREAT- 
EST SAFEGUARD  AFTER  ALL 

Clothing. — Employees  should  wear  suitable  clothing  while 
working  on  or  about  Uve  equipment  and  lines.  In  particular, 
they  should  keep  sleeves  down  and  should  avoid  wearing 
unnecessary  metal  articles,  celluloid  collars,  celluloid  or  metal 
cap  visors  or  similar  articles.  Near  live  or  moving  parts,  loose 
clothing  and  shoes  that  slip  easily  on  floors  worked  upon 
should  not  be  worn. 

Safety  Devices. — Safety  devices  provided  to  make  the  work 
less  hazardous,  should  always  be  used,  but  entire  reliance 
should  not  be  placed  on  them  as  any  safety  device  may  get 
out  of  order  and  become  ineffective,  therefore,  such  devices  or 
tools  should  be  first  examined  to  make  sure  that  they  are 
suitable  and  in  good  condition. 

Safety  Belts. — Employees  should  not  work  in  elevated  posi- 
tions unless  secured  from  falling  by  approved  safety  belts  or 
by  other  adequate  means. 

Safety  belts,  whether  owned  by  the  company  or  by  the 
individual  workmen,  should  be  periodically  inspected. 

Eye  Protectors. — Suitable  eye  protectors  should  be  worn 
by  men  working  where  an  electric  arc  may  be  drawn,  with 
resultant  flash  to  eyes. 

Approved  safety  goggles  should  be  worn  to  prevent  injury 
by  flying  particles  when  chiseling  concrete,  stone  or  brick  for 
the  support  of  wiring  devices  or  electrical  apparatus. 

Rubber  Gloves. — Rubber  gloves  should  be  used  only  in 
special  cases,  and  care  must  be  taken  to  see  that  they  are  in 
good  condition. 

17 
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Danger  Signs. — Approved  danger  signs  should  be  placed 
at  all  points  where  men  may  accidentally  come  in  contact 
with  live  wires,  and  should  also  be  placed  at  suitable  places 
when  men  are  working  overhead,  to  prevent  passerby  from 
injury  from  falling  tools,  etc.  Danger  signs  should  be  re- 
moved when  the  danger  is  past. 

Manholes. — When  a  cover  is  removed  from  a  manhole,  the 
hole  must  be  properly  guarded  by  railing,  danger  sign  or  red 
flag.  An  additional  man  stationed  at  the  opening  is  often 
advisable. 

Ladders. — No  imperfect  or  defective  ladders  should  be  used. 
All  ladders  should  be  provided  with  approved  non-slip  shoes 
to  prevent  slipping.  On  cement,  tile  or  iron  floors,  or  other 
smooth  surfaces,  a  board  should  be  placed  under  the  non-slip 
shoes. 

Tools. — No  imperfect  or  defective  tool  should  be  used. 
The  handles  of  tools  should  be  covered  with  rubber  tape 
to  prevent  slipping  and  to  reduce  the  possibility  of  short-cir- 
cuits across  them.  Such  taping,  however,  should  not  be 
relied  upon  for  protection  of  workmen  from  shock.  Heads  of 
cold  chisels,  center  punches,  etc.,  should  be  occasionally  dressed 
and  not  allowed  to  become  mushroomed.  Avoid  the  use  of 
measuring  tapes  of  metal  or  with  metal  woven  into  the  fabric 
also  brass  bound  rules  and  steel  scales. 

Rubber  Shields. — When  working  on  poles  carrying  lines  of  a 
potential  higher  than  600  volts,  wiremen  may  use  rubber 
shields  across  the  wires  to  protect  themselves  while  working 
on  a  selected  wire. 

Insulating  Stands. — Employees  should  be  properly  in- 
sulated from  the  ground  by  a  linoleum  or  rubber  mat,  insulated 
stool,  wooden  slat  platform,  or  other  suitable  insulating  ma- 
terial when  working  on  circuits  or  operating  high  tension 
switches,  especially  the  disconnecting  lever  type. 

Circuits. — No  repaij-s,  alterations  or  examinations  requir- 
ing handling  of  live  circuits  above  750  volts  should  be  made, 
except  in  case  of  urgent  need,  and  only  when  under  the  per- 
sonal supervision  of  the  foreman.     All  voltages  must  be  con- 
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Resuscitation  frc 


Follow  These  Instructions  Ee 


I.    Immediately  Break  the  Circuit 

With  a  single  quick  motion,  free  the  victim  from 
the  current.  Use  any  dry  non-conductor  (clothing, 
rope,  board)  to  move  either  the  victim  or  the  wire. 
Beware  of  using  metal  or  any  moist  material.  While 
freeing  the  victim  from  the  live  conductor  have  every 
effort  also  made  to  shut  off  the  current  quickly. 


n. 


Instantly  Attend  to  the  Victim's 
Breathing 

1.  As  soon  as  the  victim  is  clear  of  the  conductor, 
rapidly  feel  with  your  finger  in  his  mouth  and  throat 
and  remove  any  foreign  body  (tobacco,  false  teeth, 
etc.).  Then  begin  artificial  respiration  at  once.  Do 
not  stop  to  loosen  the  victim's  clothing  now;  every 
moment  of  delay  is  serious.    Proceed  as  follows : 

(a)  Lay  the  subject  on  his  belly,  with  arms  extended 
as  straight  forward  as  possible  and  with  face  to  one 
side,  so  that  nose  and  mouth  are  free  for  breathing 
(see  Fig.  1.)  Let  an  assistant  draw  forward  the 
subject's  tongue. 

(b)  Kneel  straddling  the  subject's  thighs,  and  facing 
his  head;  rest  the  pahns  of  your  hands  on  the  loins 
(on  the  muscles  of  the  small  of  the  back),  with 
fingers  spread  over  the  lowest  ribs,  as  in  Fig.  1. 
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NOTES 

An  accidental  electric  shock  usually  does  not  kill  at  once,  but'tnay  only 
KIWI  the  victim  and  for  a  while  stop  his  breathing. 

The  shock  is  not  likely  to  be  immediately  fatal,  because: 

(a)  The  conductors  may  make  only  a  brief  and  imperfect  contact  with 
the  body. 

(b)  The  skin,  unless  it  is  wet,  offers  high  resistance  to  the  current. 

Hope  of  restoring  the  victiin  lies  in  prompt  and  condiiued  use  of  artificial 
ictpiration.    The  reasont  for  thii  Ratement  arc: 


(a)  The  body  continuously  depc 
the  fact  that  we  must  breathe  in  jlu  >■ 

(b)  If  the  body  is  not  thus  rept 

(c)  Persons  whose  breathing  ha  . 
reported  restored   after  artificial   resp  1; 
roateW  two  hours. 

The  Schafer  or  "prone  pressure" 
modified,  is  illustrated  and  described 
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(c)  With  arms  held  straight,  swing  forward  slowly 
so  that  the  weight  of  your  body  is  gradually,  but 
not  violently,  brought  to  bear  upon  the  subject  (see 
Fig.  2).  This  act  should  take  from  two  ta  three 
seconds. 

(d)  Then  immediately  swing  backward  so  as  to 
remove  the  pressure,  thus  returning  to  the  positioa 
shown  m  Fig.  1. 

(e)  Repeat  deliberately  twelve  to  fifteen  times  a 
minute  the  swinging  forward  and  back— a  complete 
respiration  in  four  or  five  seconds. 

(0  As  soon  as  this  artificial  respiration  has  been 
started,  and  while  it  is  being  continued,  an  assistant 
should  loosen  any  tight  clothing  about  the  subject's 
aeck,  chest  or  waist. 

2.  Continue  the  artificial  respiration  (if  necessary, 
two  hours  or  longer),  without  interruption,  until 
natural  breathing  is  restored,  or  until  a  physician 
arrives.  If  natural  breathing  stops  after  being 
restored,  use  artificial  respiration  again. 

3.  Do  not  give  any  liquid  by  mouth  until  the  subject 
is  fully  conscious, 

4.  Give  the  subject  fresh  air  but  keep  him  waniu 


ion  an  exchange  of  air,  as  shown  by 
rat  fifteen  times  a  minute. 
supplied  with  air,  sufFocation  occurs, 
stopped  by  electric  shock  have  been 
in  has  been  continued  for  approxi- 

hod  of  artificial  respiration,  slightly 
:he  above  rcjiucitadoo  rules.     The 


ia)     Easy  performance;  little  muscular  exertion  is  required, 
b)     Larger  ventilation  of  the  lungs  than  by  the  supine  method. 

(c)  Simplicity;  the  operator  makes  no  complex  motions  and  readily  leam 
the  method  on  first  trial. 

(d)  No  trouble  from  the  tongue  falling  back  into  the  air  passage. 

(e)  No  risk  of  injury  to  the  liver  or  ribs  if  the  method  is  executed  with 
proper  care.  i 

Aid  can  be  rendered  best  by  one  who  has  Studied  the  rules  and  ha*  learned 
them  by  practice  qd  a  volunteer  subject. 
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sidered  dangerous  by  wiremen.  Even  though  the  voltage 
may  not  be  great  enough  to  produce  a  fatal  shock,  it  may  cause 
serious  consequences  by  throwing  workman  from  ladder  or 
other  overhead  position.  Except  in  emergencies,  no  employee 
should  work  alone  on  or  near  hve  circuits  above  750  volts  in 
wet  weather  or  at  night. 

Circuits  should  be  made  dead  whenever  possible  before 
work  is  begun.  Dead  circuits  should  be  treated  as  if  they 
were  alive.  This  procedure  develops  a  cautious  nature  and 
may  sometimes  prevent  an  accident  caused  by  another  per- 
son's error. 

When  working  on  series  lamp  circuits,  employees  should 
make  sure  that  they  are  well  insulated  from  the  ground  and 
that  the  current  is  off. 

All  circuits  should  be  tagged  or  lettered  so  that  they  may  be 
readily  identified. 

Whenever  circuits  are  opened  for  repairs,  alterations  or 
examination,  the  control  switch  should  be  locked  open  and 
where  switch  construction  permits,  it  should  be  padlocked. 
The  disconnecting  switches  or  cutouts  should  also  be  opened 
as  an  additional  safeguard  against  accidental  closing  of  cir- 
cuit. The  workman  responsible  for  having  the  circuit  opened 
should  place  on  a  controlling  switch  a  tag  bearing  his  name 
and  a  notice  that  the  switch  should  not  be  closed  until  the  tag 
is  removed.  No  person  other  than  the  workman  tagging  the 
switch  should  be  allowed  to  close  such  switch.  Whenever  it 
becomes  necessary  for  the  person  tagging  a  switch  to  leave 
before  the  work  is  completed,  as  may  be  the  case  in  a  long 
job,  he  should  go  to  the  switch  accompanied  by  the  man  who 
is  to  assume  the  responsibility,  and  remove  his  tag:  his  suc- 
cessor should  then  attach  a  similar  tag  to  the  switch. 

Where  it  is  not  possible  on  account  of  conditions  to  tag 
open  switches,  the  wires  should  be  short-circuited  and  grounded 
between  source  of  power  and  point  where  work  is  being  done, 
and  kept  so  until  work  is  completed. 

As  an  additional  safeguard,  circuits  carrying  750  volts  or 


260  D.  C.  MOTOR  AND  GENERATOR  TROUBLES 

over,  should  be  short-circuited  and  grounded  even  if  the  rules 
previously  stated  are  observed. 

Wiring. — All  wiring  must  be  done  in  accordance  with  Under- 
writer's Rules,  National  Bureau  of  Standards  or  local  ordi- 
nances. Wires  carelessly  installed  are  dangerous  and  often 
are  the  cause  of  short-circuits  and  fires.  Ends  of  wires  should 
not  be  left  exposed  after  cutting.  If  wires  cannot  be  removed 
altogether,  the  ends  should  be  well  insulated. 

The  insulation  on  a  wire  should  not  be  trusted  for  protec- 
tion from  shock.  While  the  insulation  may  look  perfect  it 
may  have  deteriorated  from  age  or  exposure  so  it  cannot  be 
relied  on. 

When  tapping  live  insulated  wires,  insulation  should  be 
removed  from  only  one  wire  at  a  time.  A  second  wire  should 
not  be  exposed  until  the  first  tap  is  made  and  the  joint 
insulated. 

Connections  between  wires  must  be  well  made,  the  wires 
bound  and  soldered  and  the  joint  carefully  insulated.  When 
wires  are  held  in  contact  by  means  of  screws,  care  must  be 
taken  to  see  that  the  screws  are  set  down  tight.  A  slight 
movement  of  the  wire  while  setting  down  screws  will  tend  to 
make  the  joint  tight. 

Grounding. — Employees  should  assume  that  all  circuits 
are  grounded  and  insulate  their  bodies  properly  against  all 
wires. 

Frames  of  motors,  switch  boxes,  transformers,  etc.,  must 
be  substantially  grounded. 

To  avoid  possible  shock  due  to  grounding  when  work  is 
being  done  in  damp  places,  extra  precautions  must  be  taken  to 
insulate  the  body.  This  can  generally  be  satisfactorily  done 
by  using  a  dry  plank  or  board  to  stand  on. 

Operating  Switches. — Switches  should  be  left  wide  open 
when  in  open  position,  and  fully  closed  when  in  the  closed 
position. 

Switches  should  not  be  closed  in  a  hesitating  manner  or  by 
tapping  the  blades  against  the  contacts  to  ascertain  if  the 
circuit  is  on,  but  should  be  closed  in  a  firm,  positive  manner. 
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using  sufficient  force  to  make  full  contact  of  blades.  A  switch 
should  not  be  closed  without  full  knowledge  of  the  condition 
of  the  circuit. 

Fuses  and  Cutouts. — Fuses  should  be  pulled  or  replaced, 
using  insulated  fuse  pullers.  The  live  end  of  the  fuse  should 
be  pulled  out  first  and  when  replacing  fuses  the  live  end  should 
be  put  in  last. 

Power  Plant  and  Motor  Attendants. — Do  not  allow  oil 
cans,  tools,  dusters  or  wiping  cloths  to  catch  in  moving  parts 
of  machines.  In  passing  any  switchboard  or  machine  in 
operation,  do  not  touch  it  unnecessarily  nor  allow  metal 
tools  or  other  metal  objects  to  touch  the  apparatus  or  its 
connections.  Do  not  use  iron  or  tin  oil  cans  near  field  mag- 
nets. Use  only  oilers,  dusters,  or  wipers  with  insulated 
handles  in  or  about  commutators,  switches,  switchboards  or 
other  electrical  equipment. 

Resuscitation. — The  prone  pressure  method  of  resuscita- 
tion should  be  used  in  all  cases  of  electrical  shock.  This 
method  should  therefore  be  thoroughly  understood  by  all 
men  handling  electrical  circuits  or  apparatus. 

Observance  of  Rules. — The  above  rules  cover  some  of  the 
duties  and  precautions  for  the  protection  of  wiremen  and 
electricians;  they  must  be  observed  by  all  men  handling 
electrical  circuits  or  apparatus. 
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STANDARD  SIZES  OF  CABLES  TO  BE  USED  IN  CONNECTION 
WITH  DIRECT-CURRENT  GENERATORS 

The  following  table  gives  the  size  of  cable  to  be  used  for  the 
equalizer  after  the  size  of  the  main  cable  is  determined  upon. 
It  will  be  noted  in  general  that  up  to  and  including  750,000 
cm.  main  cable,  the  same  size  cable  is  used  for  the  equalizer. 
Above  this,  the  equalizer  cable  is  not  less  than  one-half  the 
main  cable  in  circular  mils. 


Ampere  i 

ange 

Size  of  main  cable 

Size  of  equalizer  cable 

37- 

56 

No.        4  B.  &  S. 

No.         4  B.  &  S. 

57- 

84 

No.        2  B.  &  S. 

No.        2  B.  &  S. 

85- 

124 

No.        0  B.  &  S. 

No.        0  B.  &  S. 

125- 

169 

No.    000  B.  &  S. 

No.    000  B.  &  S. 

170- 

184 

No.  0000  B.  &  S. 

No.  0000  B.  &  S. 

185- 

224 

250,000  cm. 

250,000  cm. 

225- 

264 

300,000  cm. 

300,000  cm. 

265- 

324 

400,000  cm. 

400,000  cm. 

325- 

374 

500,000  cm. 

500,000  cm. 

375- 

499 

750,000  cm. 

750,000  cm. 

500- 

649 

1,000,000  cm. 

500,000  cm. 

650- 

749 

1,250,000  cm. 

750,000  cm. 

750- 

899 

1,500,000  cm. 

750,000  cm. 

900-1,099 

2,000,000  cm. 

1,000,000  cm. 

1,000-1,299 

2-1,000,000  cm. 

1,000,000  cm. 

1,300-1,599 

2-1,250,000  cm. 

1,250,000  cm. 

1,600-2,249 

2-2,000,000  cm. 

2,000,000  cm. 

2,250-2,649 

3-1,500,000  cm. 

2-1,500,000  cm. 

2,650-3,349 

3-2,000,000  cm. 

2-2,000,000  cm. 

3,350-3,599 

4-1,500,000  cm. 

2-1,500,000  cm. 

3,600-4,399 

4-2,000.000  cm. 

2-2,000,000  cm. 

4,400-5,599 

5-2,000,000  cm. 

3-2,000,000  cm. 

5,600-6,600 

6-2,000,000  cm. 

3-2,000,000  cm. 
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Accessibility,     affecting    location, 

38 
Acid  fumes,  38 
Adjustments, 

Commutating  field,  226 

Commutation,  227 

Contact  drop,  131 

End  play,  214 

Manufacturer's,  107,  123 

Series  field  in  parallel  opera- 
tion, 82 

Shunt,  200 

Speed,  206 
Air  gap 

Adjustment,  49,  207 

Insufficient,  185 
Alignment,  checking  after 

assembly,  51 
Angle  of  brushes,  135 
Armature 

Cleaning,  194 

Construction,  5 

Open  circuit,  172 

Poorly  balanced,  180 

Pressing  on  shaft,  55 

Reaction,  high,  183 

Reconnecting  250, 

Troubles,  187 
Armature  coils, 

Replacing,  242 

Reversed,  191 

Short  circuited,  190 
Assembly 

General  rules  for,  47 

Switchboard,  96 


Autotransformer,   on    three    Wire 
generator,  24 


B 


Baking  commutator,  153 
Balance,  mechanical,  180 
Balancer  set,  23 
Bar  winding,  188 
Base,  8 

Distortion  in  erection,  51 

Erection,  49 

Grouting  in,  50 

Lifting,  42 
Bearings,  8 

Insulation  test,  240 

Lubrication,  74 

Maximum  heat  of,  76 

Pressure,  calculation,  75 

Rebabbiting,  252 

Running  hot,  74 

Troubles,  212 
Bearing  linings 

Fitting,  214 

Loose,  213 
Belts 

Noise,  216 

Width  of,  263 
Belted  core  loss,  237 
Binding  of  brushes  in  holders,  144 
Binding  wire,  tension  table,  243 
Bolts 

Commutator,  169 

Inspection  of,  69 
Broken  commutator  bolts,  repair, 
251 


267 


268 
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Broken  leads,  test  for,  223 
Brush 

Angle,  135 

Chatter,  142 

Choice  of,  126 

Clearance,  143 

Defects,  140 

Defects,  causing  faulty  com- 
mutation, 126 

Density,  131 

Fit,  139 

Fitting,  53 

Glowing,  148 

Pitting,  148 

Position  on  noncommutating 
pole  machines,  123 

Potential  curves,  117 
■  Potential   curves,   method   of 
obtaining,  121 

Pressure,  54,  137 

Resistance,  129 

Setting,  54 

Shifting,  108,  123 

Shifting,    in    parallel    opera- 
tion, 85 

Shifting,  motor,  63 

Spacing,  52,  133 

Stagger,  53,  162 

Wear,  147 
Brush  holder  brackets,  8 

Misalignment  of,  141 

Mounting,  53 
Brush  rigging 

Assembly,  52 

Construction,  8 

Vibration  of,  151 


Cables,  effect  of  length  on  parallel 

operation,  83 
Standard     sizes    for     D.     C. 

Generators,  262 
Capacity  of  brushes,  132 
Carbon  brushes,  use  of,  127 


Care  of  motors  and  generators,  67 
Chatter  of  brushes,  142 
Choice  of  brushes,  126 
Circuit  breaker,  operation,  78 
Cleaning,  armature,  194 

Electrical  equipment,  67 
Clearance,  brush,  143 
Collector  rings,  inspection  of,  68 
Commutating  field,  adjustment  of, 

226 
Commutating      pole      generators, 

operation,  84 
Commutation,  106 

Adjustments  for,  227 

Analysis  under  brushes,  113 

Selective,  133,  137 

Troubles,  126,  153,  171 
Commutator 

Baking,  153 

Cleaning,  68 

Compound,  159 

Construction,  6 

Grinding  and  turning,  69 

Rebuilding,  245 

Treatment  of,  73 

Troubles        affecting        com- 
mutation, 153 
Commutation  bolts,  breaking  of, 

169 
Commutator  segments,  replacing, 

244 
Compensating  winding,  202 
Composition  brushes,  use  of,  128 
Compound  generator,  22 

Connections  for,  27,  28 

Operation  as  a  motor,91 

Parallel  operation,  80 

Uses  of,  31 

Voltage  regulation,  230 
Compound  motor,  9 

Connections  for,  11,  12 

Operation  as  a  generator,  66 

Speed  regulation,  231 

Starting  and  operation,  65 

Uses,  cumulative,  15 
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Compound  motor,  Uses,  differen- 
tial, 16 
Compounding    effect    on    parallel 
operation,  82 

Three  wire  generators,  88 
Concrete  foundations,  39 
Connections 

Grenerator,  25 

Loose,  150 

Motor,  9 

Switchboard,  98 
Connection  strips,  186 
Construction,  motor,  2 
Contact  drop  for  standard  brushes, 

130 
Contact  resistance,  129 
Copper  wire,  data  on,  264 
Core  loss,  235 
Core,  loose,  195 
Creepage,  surface,  care  of,  166 
Cumulative  compound  motors,  15 
Current  distribution  curve,  226 


D 


Data  on  copper  wire,  264 

Defective  laminateoris,  195 

Defects,  brush,  140 

Density,  brush,  131 

Design,  faulty,  182 

Differential  compound  motors,  16 

Dirty  armature,  194 

Dirty  commutator  surface,  164 

Drying  out,  253 

Dust,  danger  to  operation,  38 


E 


Eddy  currents,  193 

Edison  three  wire  system,  23 

Parallel  operation,  38 
Efficiency  test,  239 
Electrical  loss  supply  method,  234 
Electrolytic      action      in      brush 
stagger,  162 


End  play,  adjustment,  50,  214 
Equalizer  rings,  addition  of,  184 

Lack  of,  184 

Repairing  and  fitting,  249 
Equalizers,  86 
Erection  and  assembly,  36 
Erection,  motors  and  generators, 
49 


F 


Failure  of  insulation,  187 
Failure  to  pick  up,  generator,  208 
Faulty  design,  182 
"Feeding  back,"  heat  runs,  231 
Field  coils 

Improper  connection, 
172 

Open  circuits,  197 

Repairing,  246 

Reversed,  199 

Short  circuits,  197 
Field  curve  in  neutral  zone,  113 
Field  troubles,  197 
Field,  weak,  171 
Field  winding 

main,  5 

Commutating,  5 
Fit  of  brushes,  139 
Fitting  bearing  linings,  214 
Fitting  brushes,  53 
Footings,  construction,  39 
Foundations,  38 
Foundation    bolts,    location    and 

grouting,  40 
Foundation,  switchboard,  96 


G 


Generators 

Adjustment  for  contact 

drop,  131 
Brush  shifting,  108,  125 
Connections  for,  25 
Effect  of  sticking  brushes,  145 
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Generators,  Failure  to  pick  up,  208 

Information    when    ordering, 
34 

Inspection,  77 

Operation  as  motors,  91 

Operation  with  reversed  coil, 
191,  199 

Parallel  operation,  79,  209 

Reversed  polarity,  209 

Saturation  test,  225 

Series  operation,  89 

Starting  and  operation,  77 

Stopping,  79 

Troubles,  208 

Types  of,  20 

Uses  of  different  types,  30 
Glowing  of  brushes,  148 
Graphite  brushes,  use  of,  127 
Grids,  82 

Grinding  commutator,  69 
Grinding      machine      for       com- 
mutator, 70 
Grooved  commutator  surface,  160 
Grooving,  commutator,  155 
Ground 

Connections  to,  on  switch- 
boards, 99 

High    voltage    to,    in    series 
operation,  89 
Grounds,  175,  198 
Grounds,  test  for,  221 

H 

Handling,  motors  and  generators, 

40 
Hard  spots  in  brushes,  140 
Heating 

Bearings,  76 

Causes,  193 

Generator,  211 

Limits,  192 

Series  operation,  90 
Heat  runs,  231 
High  commutator  bars,  156 


High  mica,  153 

High  potential  tests,  241 

Holders,  reversal  of,  137 


I  beam  supports,  40 
Illumination,  switchboard,  102 
Incorrect  brush  angle,  135 
Information    supplied    to    manu- 
facturers  when   ordering 
generators,  34 
Information    supplied    to    manu- 
facturers   when    ordering 
motors,  17 
Inspection 

Before  starting  motor,  59 

Generator,  77 

Switchboard,  101 

When  assembling,  46 
Instability,  motor,  120 
Installation,  switchboard,  95 
Insufficient  air  gap,  185 
Insulation 

Failure  of,  187 

Renewing  treatment,  247 

Repair,  247 

Resistance  test,  219 

Switchboard,  99 

Thickness,  188 

Types  of,  187 
Interpole,  action  of,  107,  117 


K 


"Kick"  method  of  finding  neutral, 
111 


Laminations,  defective,  195 
Leading  brushes,  135 
Linings,  refitting  in  bearings,  214 
Location  of  motors  and  generators, 
37 
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Loose  bearing  linings,  213 
Loose  connections,  150 
Loose  cores,  195 
Loose  pole  pieces,  202 
Low  commutator  bars,  156 
Low  field  flux,  182 
Lubricant,  use  of  on  commutator, 
194 

M 

Machine  tools,  Motors  for,  16 
Magnet  frame 

Construction,  2 

Handling,  41 
Maintenance,    motors   and   gener- 
ators, 67 
Mechanical   loss   supply   method, 

233 
Mica 

High,  153 

Oil  soaked,  158 
Misalignment     of     brush     holder 

brackets,  141 
Moisture,  protection  from,  37 
Motors 

Brush  shifting,  108,  124 

Connections  for,  9 

Construction,  2 

Effect  of  sticking  brushes,  145 

Failure  to  start,  61 

For  machine  tools,  16 

Information  when  ordering,  17 

Inspection,  59 

Instability,  120 

Operation  as  generators,  66 

Operation  with  reversed  coil, 
191,  199 

Operation  with  weak  field,  172 

"Pumping,"  108,  119 

Refusal  to  start,  204 

Reversed  rotation,  205 

Saturation  test,  225 

Starting  and  operation,  58 

Troubles,  204 


Motors 

Tyijcs  of,  8 

Uses  of  different  types,  14 

N 

Neutral  method  of  finding,  110, 
123 

Neutral  wire  on  three  wire  gener- 
ators, 24 

Noise,  215 

O 

Oil  guards,  55 

Oil  leaks,  test  for,  75 

Oil,  precautions  in  regard  to,  67 

Oil  rings 

Installation,  51,  54 

Replacement,  213 
Oil  soaked  mica,  158 

Test  for,  159 
Oil  wells,  51 
Open  circuit 

Armature,  173 

Field,  197 

Test  for,  22"2 
Operation 

Generator,  77 

In  parallel,  79,  209 

Motor,  58 

Switchboard,  101 
Operator,    protection    on    switch- 
boards, 100 
Ordering 

Generators,  34 

Motors,  17 

Switchboards,  103 
Over  compensation,  118 
Overloads,  177 


Parallel  operation,  79,  209 

Commutating  pole  generators, 
84 
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Parallel  operation,  Compounding, 
82 

Length  of  cables,  83 

Operation,  86 

Speed  regulation,  81 

Starting,  86 

Stopping,  87 

Three  wire  generators,.  87 
Picking  up  generator,  208 
Pigtails,  burnt  off,  150 
Pillow  blocks 

Erection,  49 

Height  adjustment,  50 
Pitting 

Brushes,  148 

Shaft,  212 
Polarity  affecting   parallel   opera- 
tion, 87 
Polarity,  reversed,  209 
Pole    pieces,     construction 

Commutating,  4 

Main,  3 
Pole  pieces,  loose,  202 
Position  of  brushes  on  commutator, 

107,  123 
Pressing  armature  on  shaft,  55 
Pressure 

Bearing,  75 

Brush,  54,  137 
Pulleys,  55 
"Pumping,"  motor,  108,  119 


R 


Rebabbiting  bearings,  252 
Rebuilding  commutator,  245 
Reconnecting  armature,  250 
Refusal  to  start  motor,  204 
Regulation 

Speed,  206,  230 

Voltage,  229 
Repairs,  242 

Broken     commutator     bolts, 
251 

Damaged  insulation,  247 


Repairs,  Field  coils,  246 

Short    circuited    commutator 
segment,  167,  252 
Replacing 

Armature  coils,  242 

Burned  core  section,  196 

Commutator  segments,  244 

Wedges,  252 
Resistance 

Brush  and  contact,  129 

Insulation  test,  219 

Of  equalizers,  86 
Resuscitation  from  electric  shock, 

262 
Reversal  of  brush  holders,  137 
Reversed  armature  coils,  191 
Reversed  field  spools,  199 
Reversed  rotation,  motor,  205 
Reversing  motor,  64 
Reversing  switches,  92 
Rotation  reversed,  205 
Rotor,  lifting  and  supporting,  41 
Rough  commutator  surface,  160 
Rounding  off  commutator  bars,  72 
Running  light  core  loss  test,  236 


Safety  rules,  256 

Sanding  brushes,  53 

Saturation  test,  224 

Saving  in  three  wire  system,  33 

Selective  commutation,  133,  137 

Series  generators,  21 

Operation  as  motor,  94 

Starting  and  operation,  93 

Uses  of,  32 
Series  motoi-s,  9 

Connections  for,  13,  14 

Oj)eration  as  generator,  66 

Racing,  17 

Starting  and  operation,  65 

Uses  of,  17 
Series  operation,  generator,  89,  91 
Setting  of  brushes,  54 
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Shaft 

Allowances  for  pressing  fits,  57 

Pitting,  212 

Springing  test,  181 

Troubles,  212 
Shifting  brushes  in  parallel  opera- 
tion, 85 
Shipping,  methods  of,  49 
Short  circuits 

Field,  197 

Test  for,  223 

Series  operation,  89,  90 
Short  circuited  armature  coils,  190 
Short  circuited  segments,  167 
Shunt  adjustment,  200 
Shunt  generators,  20 

Connections,  25,  26 

Operation  as  motors,  91 

Parallel  operation,  80 

Self  excited,  uses  of,  30 

Separately  excited,  uses  of,  31 

Voltage  regulation,  229 
Shunt  motors,  8 

Connections  for,  10,  1 1 

Mechanically  coupled,  14 

Operation,  63 

Operation  as  generators,  66 

Reversing,  64 

Speed  regulation,  230 

Speed  rise  due  to  fields  heat- 
ing, 63 

Starting,  61 

Stopping,  64 

Uses  of,  14 
Slings,  use  of,  41 
Spacing  of  brushes,  133 
Spacing  and  sizes  of  wire,  switch- 
board, 98 
Speed 

Commutator,  135,  186 

Commutator  when  turning,  72 

Regulation,  206 

Regulation  in  parallel  opera- 
tion, 81 

Regulation,  motors,  230 


Speed  limit  devices,  69 
Springing  of  shaft,  test  for,  181 
Stagger  of  brushes,  53,  162 
Standard  sizes  of  cables  for  D.  C. 

generators,  262 
Starting 

Generator,  77 

Motor,  61,  204 
Starting  test,  240 
Stoning  commutator,  69 
Stopping 

Generator,  79 

Motor,  64 
Storage,  36 
Switchboards,  95 

Assembly,  96 

Connections,  98 

Connections  to  ground,  99 

Foundation,  96 

Illumination,  102 

Inspection,  101 

Installation,  95 

Insulation,  99 

Operation,  101 

Ordering,  103 

Protection  for  op)erator,  100 

Shipment,  95 

Spacing  and  sizes  of  wire,  98 

Unpacking,  95 


Tests  and  repairs,  219 

Tests 

Bearing  insulation,  240 
Core  loss,  235 
Efficiency,  239 
For  oil  in  mica,  159 
For  oil  leaking,  75 
Ground,  221 
Heating,  231 
Heat  runs,  231 
High  potential,  241 
Insulation  resistance,  219 
Open  circuit,  222 
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Tests 

Saturation,  224 

Short,  circuit,  223 

Starting,  240 
Three  wire  generator,  23 

Connections,  29 

Operation  as  motor,  93 

Parallel  operation,  87 

Uses  of,  32 
Trailing  brushes,  136 
Treatment    of    commutator    and 

brushes,  73 
Troubles  and  their  remedies,  105 
Troubles 

Armature,  187 

Commutation,  126,  153,  171 

Field,  197 

Generator,  208 

Motor,  204 

Shaft  and  bearing,  212 
Turing  commutator,  69 
Turning  tool  for  commutator,  72 


U 

Unbalanced  armature,  180,  216 
Unequal  brush  spacing,  133 
Unpacking  machinery,  37 


Variable  loads,  177 

Ventilating  vanes,  addition  of,  193 

Ventilation,  6,  37 

Vibration  of  brush  rigging,  151 

Voltage  between  segments,  182 

Voltage  regulation,  229 

W 
Water  box  method,  heat  run,  232 
Weak  field,  171 
Wear  of  brushes,  147 
Wedges,  replacing,  252 
Wedges,  under  base,  50 
Width  of  belts,  263 
Winding,  bar,  188 
Winding,  compensating,  202 
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